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INTRODUCTION. 


During the summer of 1913 the Secretary of Agri- 
culture established a board to reorganize the system of 
publications of the Department of Agriculture. In 
accordance with the proceedings of the board and the 
suggestions from representatives of the Weather Bureau, 
the ‘‘Bulletin of the Mount Weather Observatory” 
ceased to be published with the completion of its volume 
6. Any subsequent contributions from the members of 
the research staff that would have been proper for that 
Bulletin will be incorporated in the Monthly Weather 
Review. The climatological service of the Weather 
Bureau will be maintained in all its essential features 
but its publications, so far as they relate to purely local 
conditions, will be incorporated in the monthly reports 
for the respective States, Territories, and colonies. 

Beginning with January, 1914, the material for the 
Monthly Weather Review will be prepared and classified 
in accordance with the following sections: 

Section 1.—Aerology.—Data and discussions relative 
to the free atmosphere. 

Section 2.—General meteorology.—Special contribu- 
tions by any competent student bearing on any branch 
of meteorology and climatology, theoretical or otherwise. 


Section 3.—Forecasts and general conditions of the 
atmosphere. 


Section 4.—Rivers and floods. 


Section 5.—Bibliography.—Recent additions to the 
Weather Bureau library; recent papers bearing on 
meteorology. 


Section 6.— Weather of the month.—Summary of local 
weather conditions; climatological data from regular 
Weather Bureau stations; tables of accumulated and 
excessive precipitation; data furnished by the Canadian 
Meteorological Service; monthly charts Noe. 1, 2, 3, 4; 5, 
6, 7, 8, the same as hitherto. 
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In general, appropriate officials will prepare the six 
sections above enumerated; but all students of atmos- 
pherics are cordially invited to contribute such addi- 
tional articles as seem to be of value. 

The voluminous tables of data and text relative to 
local climatological conditions that have during recent 
years been by the 12 respective ‘‘district 
editors” will be omitted from the Monthly Weather 
Review, but will in future be collected and published by 
States at selected section centers. 

The data needed in section 6 can only be collected and 
prepared several weeks after the close of the month whose 
name appears on the title page; hence the Review as a 
whole can only issue from the press within about eight 
weeks from the end of that month. 

The Annual Summary of the Review will hereafter 
— as an Annual Supplement containing the essential 
tables heretofore published in the annual Report of the 
Chief of the Weather Bureau. 

It is hoped that the meteorological data hitherto con- 
tributed by numerous independent services will continue 
as in the past. Our thanks are especially due to the fol- 
lowing directors and superintendents: 

The Meteorological Service of the Dominion of Canada. 

The Central Meteorological and Magnetic Observatory 
of Mexico. 

The Director General of Mexican Telegraphs. 

The Meteorological Service of Cuba. 

The Meteorological Observatory of Belen College, 
Habana. 

The Government Meteorological Office of Jamaica. 

The Meteorological Service of the Azores. 

The Meteorological Office, London. 

The Danish Meteorological Institute. 

The Physical Central Observatory, St. Petersburg. 

The Philippine Weather Bureau. 

The General Superintendent United States Life- 
Saving Service. 
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SECTION I.—AEROLOGY. 


PRINCIPIA ATMOSPHERICA: A STUDY OF THE CIRCU- 
LATION OF THE ATMOSPHERE.’ 


By W. N. Saw, LL. D., Sc. D., F. R. S., Director of the Meteoro- 
logical Office, London. 


_ address delivered at the request of the council before the Royal Society of 
mburgh, on December 1, 1913.) 


|Read December 1, 1913. MS. received December 12, 1913.] 


Synopsis. 
Section I.—Axioms or LAws or ATMOSPHERIC MOTION. 
1. The Law of the Relation of Motion to Pressure. 


In the upper layers of the atmosphere, the steady horizontal motion 
of the air at -_~ level is along the horizontal section of the isobaric 
surfaces at that ievel, and the velocity is inversely proportional to the 
separation of the isobaric lines in the thee of the section. 


2. The law of the Computation of Pressure and of the Application of the 
Gaseous Laws. 


The pressure at any point in the atmosphere and at any instant is 
the weight of the column of air which stands upon one unit of hori- 
zontal area containing the point. The numerical values of pressure, 
temperature, and density at any point of the atmosphere are therefore 
related by the usual formulz for the gaseous laws. 


3. The Law of Convection. 


Convection in the atmosphere is the descent of colder air in contiguity 
with air relatively warmer. 


4. The Law of the Limit of Convection. 


Convection in the atmosphere is limited to that portion of it, called 
the troposphere, in which there exists a sensible fall of temperature 
with height. The upper layer of the atmosphere, in which there is no 
sensible fall of temperature with height and therefore no convection, 
is called the stratosphere. 


5. The Law of Saturation. 


The amount of water vapor contained in a given volume of air can 
not exceed a certain limit, which depends upon the temperature and 
upon nothing else. 


Section II.—LemMas oR PostuLaTEs. 


Lemma 1.—In the stratosphere, from 11 kilometers upward it is 
colder in the high pressure than in the low pressure at the same level; 
and in the troposphere, from 9 kilometers downward to 1 kilometer, 
it is warmer in the high pressure than in the low pressure at the same 
level. [W. H. Dines, M. O., 210b.] 

Lemma 2.—The average horizontal circulation in the Northern 
Hemisphere in January between 4 kilometers and 8 kilometers consists 
of a figure-of-eight orbit from west to east along isobars round the pole, 
with lobes over the continents and bights over the ocean. 

The average circulation at the surface is the resultant of the circu- 
lation at 4 kilometers combined with a circulation in the opposite direc- 
tion of similar shape due to the distribution of temperature near the 
surface. [L. Teisserenc de Bort, Ann. du Bureau Central Metéoro- 
logique, 1887; and W. N. Shaw, Proc. Roy. Soc., vol. lxxiv, p. 20, 1904.] 


Section III.—Propositions. 


Proposition 1.—To define the conditions for the persistence of the 
existing motion of the atmosphere. 


from Proc. Roy. Soc. Edinb., 1913-1914, $4, 77-112, as issued separately Mar. 


globe. 


Proposition 2.—To show that the rate of increase of pressure difference 
per kilometer of height is 34°2 (F and hence that the distri- 


bution of Sao me in the stratosphere is the dominant factor in the circu- 
lation of the air at the surface; that the intermediate layers between 4 
kilometers and 8 kilometers exert little influence upon the distribution 
of pressure. 

roposition 3.—To show that the wind velocity across the slope of 


pressure at any level is proportional to oe ; and thence to show how 


to utilize observations of the pressure and temperature to calculate the 
wind velocity at any level. 

Proposition 4.—To show that the wind velocity generally increases 
with height until the substratosphere is reached, and falls off with 
increase in height in the stratosphere. 

Proposition 5.—To show how the distribution of pressure and tem- 
perature in the upper air can be calculated from the observations of 
structure represented by a sounding with a pilot balloon, and thence 
to account for the local distribution of rainfall when an upper current 
from the northwest crosses a lower current from the southwest. 

Proposition 6.—-To account for the average general circulation over 
the Northern Hemisphere in the 4-kilometer level as set out in 
Lemma 2. 


INTRODUCTION. 


Every science has two aspects or two stages in its de- 
velopment. In the first, the inductive stage, observa- 
tions are made and compiled, and axioms or laws are laid 
down. In the second or deductive stage the laws are 
applied by syllogistic reasoning, mathematical or other- 
wise, to elicit conclusions which either disclose new facts 
or show the inevitable connection between facts already 
known, and, in either case, complete the claim of the 
study to the rank of a science. 

The different sciences vary greatly in the stage of de- 
velopment which they present. The science of geometry 
has almost forgotten the origin of its own laws and axioms, 
and occupies itself with the most complicated deductive 
propositions, the forms of which are used to guide the 
deductions of other sciences. Biology is still in the 
inductive stage; no one ventures yet to predict in what 
form the horse will be found a million or even a thousand 


‘years hence. 


These different aspects of science appeal with different 
force to different types of human mind. Observers are 
comparatively rare; true inducers, those who have the 

atience and the insight to arrange the facts and formu- 
ate the underlying Taws are extremely rare; deducers, 
those who draw conclusions, not always mathematical 
or strictly logical, make up the balance of the human 
race. 

Many years ago, in 1862, Dr. Alexander Buchan, in a 
contribution to this society which was subsequently 
elaborated in a volume of the results of the Challenger 
Expedition, laid the foundations of our inductive knowl- 
edge of the atmospheric circulation by a series of maps 
of the distribution of pressure over the surface of the 
With great pleasure I take the opportunity 


afforded to me y your invitation to address you on recent 
developments o 


the science of meteorology particularly 
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in the investigation of the upper air, to put before you a 
representation of the knowledge of the atmospheric cir- 
culation as it presents itself to my mind, arranged in the 
normal scientific form, with axioms which represent in- 
ductive laws, with postulates or lemmas which represent 
groups of observed facts, and with propositions leading 
to conclusions which are susceptible of verification. 


SECTION I.—AXIOMS OR LAWS OF ATMOSPHERIC MOTION, 


The time has arrived when it seems possible and desir- 
able to formulate the laws and principles which can be 
effectively employed at the present day in the explana- 
tion of many of the recognized phenomena of the struc- 
ture and circulation of the atmosphere and to illustrate 
their application. These laws and principles are the re- 
sult of observations sometimes suggested or controlled by 
theory. They are of the nature of axioms or inductions, 
about the validity of which a good deal of discussion is 
possible. Into that discussion I do not now propose to 
enter. The axioms really depend for their justification 
upon their effectiveness in explaining observed facts. 

ey are set out as follows: 


1. The law of the relation of motion to pressure. 


In the upper layers of the atmosphere, the steady 
horizontal motion of the air at any level is along the 
horizontal section of the isobaric surfaces at that level, 
and the velocity is inversely proportional to the separa- 
tion of the isobaric lines in the level of the section. 

The line of argument in favor of this law, which can 
not, strictly speaking, be either verified or contradicted 
by any available process of observation, is as follows: 
The condition specified in the law is the condition of 
kinematic equilibrium toward which all atmospheric mo- 
tions tend, and have tended either since the earth began 
to rotate as it does now, or the atmosphere was t 
formed, whichever of those events is the later in time. 
Any deviation from the equilibrium state is by infinites- 
imal steps during which readjustment to the equilibrium 
condition has been taking +, et automatically. Hence 
any finite difference from the equilibrium state can only 
occur in quite exceptional conditions. Consequently if 
there is an ascertained difference from the equilibrium 
condition it requires explanation, just as the divergences 
from the uniformity contemplated by the First Law of 
Motion require explanation. 

An allowance for ‘‘curvature of path” is one of the 
differences of which account may have to be taken. Its 
importance depends upon the latitude. For the half of 
the globe thee of 30° N. and south of 30° S. it is gen- 
erally negligible, but near the equator it becomes the 
paramount consideration in the question of the persist- 
ence of distribution. Thus rotary systems, small or large, 
are the only possible isobars for a synchronous chart of 
an equatorial region, if one were drawn. The long sweeps 
of “parallel isobars’’ with which we are concerned in this 
paper would be inadmissible there. 

Near the surface there is always a component of motion 
along the gradient from high pressure to low pressure. 
In this region the friction due to obstacles and to the 
viscosity of the air prevents the steady state being 
reached, and in consequence the centrifugal force due to 
the velocity of motion is not adequate to balance the 
pressure. 

This modification of the general principle in the case of 
surface air may be inferred from the fact that in all maps 
of the distribution of pressure and wind at the surface 
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there is evidence of a flow across the isobars. The maps 
are not always conclusive, as they are for sea level and 
not station level; but no person of experience will doubt 
the general truth of the statement, which in books often 
takes the form of postulating convergence toward centers 
of low pressure and divergence from centers of high pres- 
sure. 


2. The law of the computation of pressure and of the appli- 
cation of the gaseous laws. 


The pressure at any point in the atmosphere and at 
any instant is the weight of the column of air which 
stands upon one unit of horizontal area containing the 
point. 

This principle assumes that the motion of the air is so 
slow that the hydrostatical forces are not interfered with. 
Explosion or elastic wave motion would invalidate the 
law. It therefore assumes that the atmosphere is free 
from explosions and elastic wave motions, or that their 
effect is so small that it does not enter into meteorological 
calculation. 

It follows that the numerical values of pressure, tem- 
perature, and density at any point of the atmosphere 
are related by the usual formule for the gaseous laws. 
In other words, when due allowance is made for the dif- 
ference of composition in consequence of the variation 
in the amount of water vapor or other possible causes, 
the relation p=Ré@p holds, where p, 0, o are the pressure, 
temperature (on the absolute scale), and density of the 
air, and R is a “constant’’ which is altered by an altera- 
tion in the composition of the air but not by other 
causes. 

3. The law of convection. 


Convection in the atmosphere is the descent of colder air 
in contiguity with air relatively warmer. 

The law is advisedly stated in this form (although 
objections may be taken to it for want of strictness) 
because the driving power of the convective circulation 
comes from the excess of density of the descending por- 
tion, and the excess of density in atmospheric air is due 
in nearly all cases to low temperature. Differences of 
density might be caused by differences of pressure or by 
differences in the amount of moisture contained in equal 
volumes; but finite differences of pressure cannot per- 
sist in contiguous masses of air. The amount of water 
vapor in air at the ordinary temperatures with which a 
meteorologist has to deal is only a small fraction of the 
whole mass, and the colder the air is the less water vapor 
is required to saturate it. Consequently, although it 
would be possible in a physical laboratory to display a 
sample of air which though warmer is yet denser than 
another cooler sample on account of the humidity of the 
latter, the conditions would not easily occur in nature, and 
the motive power for convection would be exceedingly 
small. Such cases may therefore be left out of account, 
and we may consider that of two contiguous masses of 
air the colder is the denser. 

The law of convection is usually stated with regard to 
the warmer part of the convective circulation and takes 
the briefer form that warm air rises. The general adop- 
tion of this briefer form is due to the fact that the warm- 
ing of air at the surface is a matter of common knowledge 
and it occurs in the daytime, when its effects in producing 
a local convective circulation are often quite distinctly 
visible. The form which is adopted here, however, is 
preferable, because in any case it is the cooler and heavier 
air in the neighborhood which must be looked for if the 
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true cause of the circulation is to be found, and although 
on the smaller scale the heavier air is not far to seek, it 
= so easily identified on the scale of a meteorological 
chart. 

Convection in the atmosphere may also be due to the 
variation in the gravitational acceleration due to the 
motion of the air with reference to the earth. 

The gravitational acceleration depends partly on the 
statical attraction of the earth’s mass and partly on the 
centrifugal action due to rotation. The ordinary values 
of the constant of gravitation assume the rotation to be 
that of the solid earth, and the acceleration of gravity 
upon air moving over the earth’s surface is consequentl 
different from that for calm air. Hence the air whic 
forms part of a westerly wind is specifically lighter than 
air at the same temperature and pressure hints is calm, 
and, on the other hand, air which forms part of an easterly 
wind is specifically heavier. These variations in what, 
contrary to the usual convention, may rightly be called 
the “‘specific gravity of the air” have not yet been gen- 
erally taken into account in meteorological practice, but 
they are of real significance and are the subject of certain 
classical papers by von Helmholtz and Brillouin on the 
circulation of the atmosphere. 


4. The law of the limit of convection. 


Convection in the atmosphere is limited to that portion 
of it in which there exists a sensible fall of temperature 
with height. 

This portion, which comprises about three-fourths of the 
senapheiess is called the troposphere and is a layer of air 
about 10 kilometers thick surrounding the whole earth. 
It is surrounded by an outer spheroid of air comprising 
the remaining fourth part of the atmosphere, which is 
called the stratosphere, in which there is no sensible fall of 
temperature with height. The boundary between these 
two layers is not at a fixed height; it is apparently a 
flexible, and therefore deformable surface, but it is not 
penetrable by air. 

The height of the boundary differs in different lati- 
tudes, being highest over the equator and getting grad- 
ually lower towards the poles; it differs also in different 
localities, being higher over an area of high pressure than 
over one of low pressure. The local differences are due 
to deformations of the boundary by the accumulation or 
withdrawal of air from underneath. At any place the 
boundary oscillates about a mean position which should 
be regarded as the height of the boundary of the strato- 
sphere for the place. ‘There is no physical reason why the 
boundary of the stratosphere should not be penetrated. 
All that is required to produce that effect is an accumula- 
tion of air warm enough to cause upward convection. 
All that can be said is that there is no example of the 
approach to such an accumulation. There are a suffi- 

‘cient number of examples in which there is a reversal of 
fall of temperature just below the stratosphere, and these 
show that the stratosphere has, if anything, a little to 
spare in the way of resistance against penetration. Hence 
from the pomt of view of meteorological theory, we regard 
the stratosphere as impenetrable. 


5. The law of saturation. 


The amount of water vapor contained in a given vol- 
ume of air cannot exceed a certain limit which depends 
upon the temperature and upon nothing else. 

This is really simply a statement of Dalton’s law of the 
saturation of a gas with the vapor of a liquid, but it is 
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quoted here partly because it refers to the only form of 
variation in chemical composition to which the meteoro- 
logical atmosphere is subject, and also partly in order to 
avoid a misapprehension that is very widespread. It is 
a well-known physical principle that when a vapor is 
condensed the ‘‘latent heat of vaporization,” which, in 
the case of water vapor, is very large, is liberated. The 
statement of the principle is not complete; it should go 
on to say that the condensation cannot take place unless 
provision has been made for disposing of the heat which 
will be liberated. In the case of the atmosphere it is 
often assumed that no provision of the kind is required, 
and that the air will, in consequence, be warmed by the 
heat set free. Herein lies the misapprehension. Vapor 
of water in air will not condense unless the air is cooled, 
and the amount of condensation will be limited by the 
amount of the cooling. 

It should, however, be noted that the wording of the 
law as here given, namely, that the limiting amount of 
water vapor depends upon the temperature and upon 
nothing else, implies a statement about the atmosphere 
about which it is necessary to be explicit. Since Dal- 
ton’s law was enunciated, the researches of Aitken and 
others have shown that the cooling of a mass of air be- 
low the ‘‘saturation point” causes condensation only if 
there are nuclei upon which drops of water can form. 
In the absence of such nuclei, laboratory experiments 
have shown that condensation does not take place until 
the limits of saturation have been largely exceeded; 
‘‘four-fold saturation’ is necessary in such a case. Air 
without nuclei cooled below its ‘‘saturation point’’ is 
said to be supersaturated, and the statement of the law 
of saturation as set out implies that supersaturation does 
not exist in the free air. ‘This is another case in which 
there is no physical reason to prevent anyone imagining 
circumstances in which supersaturation might exist; all 
that can be said is that no such circumstances have been 
demonstrated, and the ready formation of clouds at all 
heights seems to indicate that such circumstances are 
quite unlikely. Hence the meteorologist is entitled te 
infer, as the result of a meteorological though not of a 
physical law, that condensation in the form of cloud, or 
if necessary of rain, will always accompany the reduction 
of temperature of the air below the point of saturation, and 
the amount of condensation will depend upon the re- 
duction of temperature and upon nothing else. 

These five laws express the special principles with 
which the meteorologist must approach the consideration 
of the circulation of the atmosphere, with all its com- 
plexities and its perplexities. The rest must depend 
upon the application of the ordinary principles of dy- 
namics and physics to the results of observations which 
indicate the pressure, temperature, and density of the 
air in its actual condition when under consideration. It 
is my object in this paper not to discuss or to justify these 
principles, but to show how far they lead us in the ex- 
planation of some of the more general phenomena of the 
atmospheric circulation. 

The form which has been adopted for this communica- 
tion has been chosen for the purpose of drawing a dis- 
tinction between the inductive, the observational, and the 
deductive aspects of the questions which are treated. 
Just as, in the cases of motion treated in text-books of 
dynamics, there is ample opportunity for discussion as to 
the form of words which shall be used for the laws of 
motion and the grounds for their acceptance or rejection, 


2 The supersaturation of atmospheric air is discussed in Dr. Alfred Wegener’s Thermo- 
dynamik der Atmosphire, Leipzig, J. A. Barth, 1911. Humidities, by the hair hygro- 
meter, up to 107 per cent are cited on p. 254 of that work. 
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starting from the consideration that there never has 
been an actual example of a body free from the action of 
force, so, in the case of atmospheric motion, there is no 
lack of opportunity for the discussion of the laws as here 
set out, starting from the consideration that no actual 
case can be quoted in which we are certain that the laws 
are strictly obeyed. And further just as in the case of 
the dynamics of the heavenly bodies the whole subject 
is reduced to a manageable loiti by setting out to ex- 
plain the changes of motion and their causes instead of 
pondering over the ultimate origin and cause of the state 
of motion which exists at any particular epoch, so in the 
study of the circulation of the atmosphere we may 
profitably turn our attention to the changes in the mo- 
tion related to the varying distributions of pressure, and 
leave for the time being the endeavour to give a short 
answer to the question, ‘‘What is the ultimate cause of 
any given distribution of pressure, with its attendant 
atmospheric motion ?”’ 

We proceed, therefore, first to define in two lemmas 
the average condition of the atmosphere which we wish 
the reader to keep in mind, and secondly to apply the 
laws which have been already enunciated to make certain 
deductions or establish certain propositions with regard 
to the circulation of the atmosphere, which are set out in 
the synopsis. 


SECTION II.—LEMMAS OR POSTULATES. 
Lemma 1. 


In the stratosphere from 11 kilometers upward it is 
colder in the high pressure than in the low pressure at 
the same level; and in the troposphere, from 9 kilometers 
downward to 1 kilometer, it is warmer in the high pres- 
sure than in the low pressure at the same level. 


a of average values of pressure and temperature at dif- 
ferent levels over high pressure (1031 mb.) and low pressure (984 mb.) 
at the surface; with pressure differences and temperature differences 
at each level. Compiled from the diagram 7nd tables of W. H. Dines, 
F. R. 8., in Geophysical Memoirs, No. 2,M Publication, 2105. 


TABLE 1. 
Pressure. | Diff. Diff. Temperature. 
Alti- 
tude 
Low.| High. | Ap.]| Aé@. 984 mb. low. 1031 mb. high. 

km. | mb. mb. mb °A *A. “A; 
14 135 146 ll —-9 224 215 
13 157 171 14 —ll 226, 215 
12 183 201 18 — 8 225 217 
il 212 235 23 —4 225 221 
10 247 273 26 +1 225 226 
9 | 288 317 29 +7 226 233 
8 335 366 31 +13 227 240 
7 388 422 34 +15 232 247 
6 449 483 34 +14 240 254 
5 516 552 36 +13 248 261 
4 591 628 37 +12 255 267 
3 675 713 38 +9 263 272 
2 767 807 40 + 269 277 
1 870 913 43 +4 275 279 
0 984 1031 47 + 3 279 282 


Standard deviation of P, 13.8 mb. 

Standard deviation of Ps 14.1 mh. 

Correlation coefficient between the variations of P, and Ps from the 
means for the month (English ascents) 0.80. 


The table which is here given summarizes the results 
of an important investigation by Mr. Dines into the rela- 
tion between the changes of pressure at the 9-km. level and 
the corresponding changes at the surface. The changes 
which he dealt with were chronological, and I have ex- 
tended the conclusion in applying it to topographical 
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differences. This extension is justified if the places be- 
tween which the differences are to be taken are sufficiently 
close together to be influenced by the same barometric 
system, and if the chronological sequence is followed in 
individual cases. That the latter condition is generally 
satisfied is shown by the high correlation coefficient be- 
tween the variations at 9 km. and at the surface. 

The conclusion as to the relation between temperature 
and pressure in the upper air, which is drawn from this 
table, is supported by the gradual evolution of meteoro- 
ogical ideas on the subject. Originally it was assumed 
that high eee meant relatively dense air and low 

ressure relatively light air from the surface upward. 

ometimes temperature and sometimes moisture was 
held accountable for the levity; but the view first put 
forward by von Hann that, in ordinary circumstances, 
the air over high pressure is warmer than that over low 
pressure has gradually developed until it may now be 
regarded as an accepted principle in meteorology. It is 
borne out by the simultaneous soundings which have 
occasionally 5 obtained from places within the same 
barometric system; and apparently the disturbances in 
the specified order are mostly confined to the lowest 
reaches of the atmosphere. This last point also is well 
ulustrated by the figures of the table, which show a grad- 
ual falling off, on the average, of the temperature differ- 
ences in the lowest three kilometers. 


Lemma 2. 


The average horizontal circulation in the Northern 
Hemisphere in January between 4 kilometers and 8 kilo- 
meters consists of a figure-of-eight orbit from west to east 
along isobars round the pole, with lobes over the conti- 
nents and bights over the oceans. 

The average circulation at the surface is the result- 
ant of the circulation at 4 kilometers combined with a 
circulation in the opposite direction of similar shape due 
to the distribution of temperature near the surface. 


[L. Teisserenc de Bort, Ann. du Bureau Central Météoro- 
logique, 1887; and W. N. Shaw, Proc. Roy. Soc., vol. 
Ixxiv. p. 20, 1904.] 

This lemma is introduced in order to supply the reader 
with a suitable general picture of the atmospheric circu- 
lation in the upper air, and the modification which it 
must undergo in the lowest layers in consequence of the 
distribution of temperature near the surface. As will 
be seen from Proposition 2, which follows, the similarity 
of pressure-distribution at all heights capone upon the 
equality of Ad/@ and Ap/P. Consequently, a circulation 
along parallels of latitude from west to east in which the 
air nearer the poles is the colder is a circulation which 
may remain practically identical at all heights, and is 
suggestive of durability and persistence. 

e distribution of pressure at the 4-km. level given by 
M. Teisserenc de Bort suggests that the actual circulation 
in the upper air is not a circulation along parallels of 
latitude, os yet is an approximation thereto, bein 
enpeting intermediate between a circle and a figure-of- 
eight. 

"That the circulation at the 4-km. level remains of the 
same general character up to the 8-km. level is suggested 
by the fact that in those regions distribution of temper- 
ature is such as to cause very little change in pressure 
differences, in accordance with the formula of Proposi- 
tion 2. 

It may be remarked that the distribution was calcu- 
lated by M, L, Teisserenc de Bort from the distribution 
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of pressure and temperature at the surface, and is subject 
to two uncertainties, first, the reduction of the original 
pressure readings to sea level; and, secondly, their further 
reduction to the 4-km.level. The uncertainties arise from 
the uncertainty in the values of the temperature of the 
air ‘‘below the ground” in the reduction to sea level and 
above the ground in the reduction to the 4-km. level. To 
a certain extent these two uncertainties compensate each 
other in the important features of the result, and the 
conclusion as to the circulation at which M. Teisserenc 
de Bort had arrived is supported by the results of Hilde- 
brandsson’s discussion of the international cloud obser- 
vations (see Hildebrandsson and Teisserenc de Bort, Les 
Bases de la météorologie dynamique, vol. ii, Gauthier- 
Villars, Paris), and by other considerations of a more gen- 
eral character. 

The statements of these two lemmas are based upon 
observation and are therefore liable to modification or 
correction ia detail as the results of observation become 
more conclusive. They are, however, sufficiently well 
estublished to justify their use in the further considera- 
tion of meteorological problems. 


SECTION III.—PROPOSITIONS. 


We now proceed to the consideration of the propositions 
which are set out in the synopsis. I shall deal in detail 
with only three of the propositions, numbered 1, 5, and 
6, respectively, because the remaining three, numbered 
2, 3, and 4, have already been dealt with in a paper 
communicated to the Scottish Meteorological Society, 
with the title of ‘‘The Calculus of the Upper Air, and 
the Results of the British Soundings in the International 
Week of May 5-11, 1913.” The paper is published in 
the Journal of the society for 1913. 


Proposition 1.—The conditions necessary to maintain a 
steady atmospheric current. 


The conditions which must be complied with if a steady 
current is to be persistently maintained must satisfy the 
first law, the law of relation of motion to pressure. 

The law prescribes that the velocity V is related to 
the pressure gradient 7, density p, latitude A, and: the 
angular velocity of the earth’s rotation w, by the equation 


V=7/(2wp sin A). 


Provided that the latitude 4 remains constant during the 

ersistence of the current this condition presents no dif- 
Rouley: the flow will always be determined by the dis- 
tance apart of the isobars, but the auxiliary condition 
that the current shall not change its latitude implies that 
the isobars are parallel to the circles of latitude. Hence 
we may infer that, neglecting a very small correction for 
curvature, a circulation round the pole along isobars par- 
allel to the circles of latitude is a ‘‘steady”’ circulation 
which will be persistently maintained. The only forces 
which will interfere with it are frictional forces due to 
the relative motion of adjacent layers of air, and, except 
in the immediate neighborhood of the ground where 
friction is aided by turbulent motion, these are extremely 
small. Hence a west-to-east circulation or an east-to- 
west circulation in the upper air once steady will remain 
so, unless it is disturbed ty changes of pressure distribu- 
tion. 

But, on the contrary, when the air movement is from 
south to north or from north to south, or has any com- 
ponent which gives a motion across the circles of latitude, 
a change in sin J has to be dealt with. 
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Motion from south to north. 


We propose to deal first with a current moving from 
south to north. We shall suppose the current to be uni- 
form over the section from the one-kilometer level upwards. 
We leave out the lowest kilometer because we know that 
it is disturbed by quasi-frictional forces at the surface. 

In this case the value of sin dis increasing, and there- 
fore greater pressure difference is required to get the 
same quantity of air through the same section. But the 

ressure difference is limited by the isobars, which are 

y hypothesis supposed steady. Any convergence of the 
isobars themselves provides its own remedy, because the 
gradient velocity is inversely proportional to the dis- 
tance. We have therefore only to deal with the change in 
sin Ain the formula 


V=y/(2wp sin A). 


Let L be the width of thie current, and Hits depth; then 
the flow over the whole section Lx H is LHV; and by 
the equation of continuity this must be constant as the 
stream flows northward. 

Now 

HLy 
2wo sin 2’ 
and Ly is the pressure-difference, 4p, between the two 
sides of the current. LHV is constant; hence, differen- 


tiating, we get 
_OH Op _Osind 


LHV= 


0 


or 


Now p can only alter by variation of pressure, tempera- 
ture, or composition; change of pressure is ruled out be- 
cause the motion is along isobars; change of temperature 
will be very slight because there is no change of pressure, 
and there are no other causes of any appreciable change 
of temperature; and change of composition can only 
occur in consequence of condensation. By Law 5, in 
the absence of change of temperature no change of com- 
position will occur. Hence 


Op/p=9, 


=cot Ad. 
In other words, the thickness of the moving layer must in- 
crease fractionally by the amount cotidd for the change of 
latitude 34. If latitude is expressed in degrees rf not 
in circular measure as differentiation supposes, we must 


and 


introduce the factor 150’ and thus the formula becomes 


1 dH 
= 0:0175 cot 2. 


Hence, in order that a current may persist over any 
stretch from south to north, it is necessary that the thick- 
ness of the moving layer should increase fractionally to the 
extent of 0-0175 cot 4 for every degree of latitude which it 
crosses. 

We have assumed the layer to be unlimited above, 
and limited below by the one-kilometer level. To pro- 
vide for the additional air by increasing the height above 
the selected base-level would result in altering the pres- 
sure: that mode of operation is therefore excluded by 


Petes 


a 


| 
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the condition of maintenance of the current as steady. 
Consequently we must suppose the additional thickness 
to be provided by chianiiuens upon the lowest kilo- 
meter: that region is already supposed to be occupied by 
an extension of the current which is disturbed by sur- 
face friction; hence, unless there is a continual flow-off 
of air from below the one-kilometer level, the steady state 
can not be maintained. 

The south-to-north current implies a high pressure 
on the eastern side and a low pressure on the western 
side, and near the surface there is a component of flow 
from high to low across the isobars. Hence we may 
suppose a case in which the northward-flowing current 
is maintained steady by the flow-off from east to west 
in the surface layer. Woe proceed to calculate the amount 
of this east-to-west current which will suffice to draw off 
the increase of the current above 1 kilometer. 

We suppose, for the purpose of calculation, that the 
east-to-west component is uniform over the lowest half 
kilometer of the western section. The fractional in- 
crease of thickness in the upper layer has been shown to 
be 0-0175cotd for each degree of advance northward. 
The increase of the thickness is the same over each ele- 
mentary layer of height into which the whole thickness 
can be divided; consequently the air to be removed is 
the fraction 0-0175 cot A of the transverse vertical section 
at every level. If the removal is confined to the lowest 
half kilometer, which contains a fraction of the atmos- 

here approximately one-twentieth of the whole, it fol- 
seed that a fraction 20 x 0-0175 cot A of the lowest half- 
kilometer layer has to be removed for each degree of 
advance northward. 

For each meter of advance northward, therefore, a frac- 


20xX0-0175 cota 
tion 477-1 x 108 


of the lowest half-kilometer layer 


has to be removed; and, similarly, for each meter per sec- 
ond of the wind velocity from south to north a fraction 


20 0-0175 cot A 
111-1 x 10° 


Suppose that the breadth of the advancing current 
which is supposed to be maintained steady is L kilo- 
meters, the westerly flow at the western end of the 
lowest half kilometer must carry away air at the rate of 


-0175 cot A 
x XL kilometers per second, or there 


must be removed every second. 


must be a cross component of wind there amount- 


to 20X0:0175 cot A 
ing 


If the cross wind be referred to the width of a current 
expressed in degrees of longitude at the latitude 4, and 
if 1 be the width of the current in degrees, we get 


L=111-1 cos Al. 


Whence it follows that in order to maintain a south-to- 
north current of V meters per second there must be a 
cross wind leaving the lowest half kilometer of 


x LZ meters per second. 


LV meters per second 
sin A 
We have supposed the drainage to take place entirely 


in the lowest half kilometer, which represents one- 
twentieth of the atmosphere, The same result might be 


0-35 cos?A 
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produced by a distributed crossflow throughout the 


2 
western vertical section of the moving air of 0°0175 eet V 
meters per second. 
We may therefore sum up the conclusion as follows: 


In order that a current across circles of latitude from south 


to north with a breadth of | degrees of longitude Foy pee 


unaltered at any level, it is necessary that air should be 
drawn away from the moving air at that level to the extent of 
2 
0°0175 eral V meters per second. 
_ The use of the surface layer, to draw off the excess of 
air which would otherwise prevent the persistence of a 
current across circles of latitude, is quite appropriate in 


the case of currents with a south-to-north component. 


According to the rider to Law 1, such a current certainly 
exists, and it only requires its magnitude to be adjusted 
in order that persistence may be secured. For a current 
extending over 10° of longitude in latitude 45° the cross 
component at the extreme west of the lowest half kilo- 
meter would have to be two and a half times the steady 
south wind above, and that hardly occurs in practice; 
but there are a variety of ways of accounting for any dis- 
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9, 


8 {STEADY STON CURRENT OF 
V METERS PER. SECOND. 


51 powNwWARD FLOW oF .0175 or 
ATMOSPHERE FOR EACH DEGREE 
4] OF LATITUDE caosseo. 


—-$? Lon6-—-— 
Fic. 1.—Cross section of 9 kilometers [1 km. to 10 km.] of a south to north current 5° wide, 
“maintained” in latitude 45°. 


crepancy between the calculated and observed cross wind 
in case the south-to-north current is actually maintained. 
Hence the diagram, figure 1, representing the conditions 
for maintenance of a south wind across a section of 5° of 
longitude is not unreasonable. 

e representation is, moreover, borne out by the 
facts which are known as to the distribution of tempera- 
ture in the atmosphere. For the 7 kilometers between 
the 1-km. level and the 8-km. level the temperature on 
the “high” side is “too warm,” and therefore represents 
the effect of a downward flow while the pressure 1s main- 
tained.’ Hence it seems possible for the conditions for 
the maintenance of a south-to-north current to be re- 
alized jn practice, though the adjustment would be 
delicate and might certainly be transient. 


Motion from north to south. 


Persistence in the reverse of the case just described, 
that is to say, in the case of a current flo from north 
to south, is in one respect more difficult and in another 
more easy. 

What we have to provide for here is not the thickening 
but the shrinkage of the current in consequence of the 


*See the paper in the Journal of the Scottish Meteorological Society already referred to, 
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decrease of sind as successive circles are crossed. The 
numerical result applies equally, but in the opposite 
sense. Thus a current of velocity V flowing from north 
to south requires that air should be fed with an inflow 
which, if distributed over the whole side, would be 
2 

0°0175 cost LV at any level at which the wind velocity is 
V, in order to avoid fractional shrinkage of 0°0175 cot 4 per 
degree of advance. Its more difficult to see how the air 
could be supplied; but the shrinkage of the current, while 
the distribution of pressure which controls it js main- 
tained, presents little difficulty if the current in question 
may be supposed to remain an upper air current and there- 
fore subject only to the pressure-distribution appropriate 
to the current. To explain the persistence of a current 
in the lower layers would make greater demands upon 
one’s ingenuity, because the introduction of the necessary 
air weak. as a rule, alter the distribution of pressure 
below, and limitations to prevent that alteration would 
have to be invented. Hence the maintenance of a 
current from north to south at all levels requires some 
artifice for the continuous production of the necessary 
pressure-distribution. The difficulty is further aggra- 
vated by the fact that, just as in the case of the south-to- 
north current, there is a flow-off from “high” to “low” 
in the surface layers; but unfortunately it flows away 
from where it is required to make up the loss due to change 
of latitude, and consequently that loss, as well as the loss 
by shrinkage, has to be made good if the northerly current 
is to be maintained. 

Putting the two currents side by side as in figure 2, we 
see that the supply for the north-to-south current ma 
possibly come from the surplus of the south-to-nort 
current, but it can not be along the surface. It must be 
remembered that, so far as our information goes, we have 
no reason from observations for supposing that the re- 
lation between pressure and temperature in a northerly 
current is different from that in a southerly current, 
though the evidence is not quite conclusive, because the 
former has been less frequently the subject of investiga- 
tion. The air supply ought, therefore, to be carried out 
in a similar manner in both cases. Persistence in this 
case, therefore, requires the surplus of the adjacent 
southerly current and the outflow from the northerly itself 
both to be delivered to the northerly current in the upper 
layers in order that the proper temperature distribution 
may be obtained. 

Such a combination of circumstances may fairly be re- 
garded as exceptional, and therefore the maintenance of 
a northerly current must be regarded as exceptional. 


Changes from the steady state. 


To complete the process of maintenance of the steady 
current from the north we should have to imagine the 
whole of the outflow in e 2 toward the “low” from 
both sides conveyed to the upper part of the northerl 
current, and thus transferred from low pressure to hig 
pressure as well as from low level to high level. It is 
possible to make out a process with the aid of the law of 
convection if the two currents are at different tempera- 
tures. In such a case the surfaces of equal pressure may 
be so sloped as to produce an apparent flow across isobars 
from low to high: but we have no such obvious and auto- 
matic explanation to give in the case of the northly cur- 
rent as in the case of the outflow of the southerly current. 
And, indeed, it was not intended to adduce the condi- 
tions for persistent maintenance with the object of claim- 
ing that they are generally satisfied in practice. On the 


contrary, the adjustment of the outflow in the southerl 
current to the conditions of persistence must be fortui- 
tous and unlikely to be maintained for long; the adjust- 
ment of conditions for the maintenance of a northerly 
current is even more fortuitous. The reason for setting 
out the conditions of maintenance is rather to show that 
natural conditions of atmospheric currents are not, as a 
rule, those of persistence but of change. If the conditions 
of persistence which have been set out are not realised, 
the currents will change, and by Law 1 changes in cur- 
rents imply changes in the distribution of pressure. 
Consequently, an atmospheric system which includes 
northerly or southerly currents has within itself ele- 
ments and causes of change in the distribution of pres- 
sure. It is therefore unnecessary to atfribute all changes 
to outside causes. It is preferable to consider the causes 
of the changes which are inherent in cases in which we 
cannot suppose the conditions of maintenance satisfied, 
and to-regard external causes of change which are known 
to exist as supplementary. 

It follows that we have not to regard a quiescent atmos- 
phere all over the globe as the starting-point of our ex- 
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Fig. 2.—Cross section of 9 kilometers [1 km. to 10 km.) of two currents, south to north, 
and north to south, each 5° wide, ‘‘maintained”’ in latitude 45°. 


planation of the present condition, but we have rather to 
regard the circumstances of transition from one set of 
conditions to another. 

We may add some notes upon practical cases. 


Persistent southerly current. 


The maintenance of a southerly current has been shown 
to be a question of adjustment of velocities, and a south- 
erly current lends itself comparatively easily to persist- 
ence. Examples of a persistent southerly current across 
the parallels of northern Europe furnish a well-recog- 
iaall type of weather that seems to resist the incursions 
of cyclones from the west. A southerly current often 
extends throughout the vertical section of the atmos- 

here, as might be expected from the automatic thicken- 
ing described above. 


Persistent northerly current. 


On the other hand, a northerly current requires con- 
stant reinforcement, and yet a northerly current, per- 
sistent for days over the northeastern Atlantic, is by no 
means unknown. It is possible that the necessary air in 
this case may be supplied by the gravitational flow of 
cold air off Greenland or northern Siberia, which must 
contribute a large amount of air to the surface layers 
above the northeastern Atlantic. 
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Replacement of a northeasterly current by a southwesterly 
current. 


An example of the disturbance of persistence frequently 
occurs in the case of a northeasterly current with a south- 
westerly current above it, a case which is referred to in 
Mr. Cave’s book on the Structure of the Atmosphere in 
Clear Weather as a frequent precursor of weather of the 
thunderstorm type, accompanied by the setting in of the 
southwesterly wind. The distribution of temperature is 
such as to Poon the direction of the pressure-gradient 
near the surface. Consequently the outflow from high 
to low goes from under the upper “low” to under the 
upper “high.” The necessity for the thickening of the 
southerly current is therefore not relieved by the outflow, 
but accentuated thereby. At the same time the north- 
easterly current has to get thinner, so it is gradually re- 
placed by the southwesterly current settling down to the 
surface. The appropriate redistribution of pressure at 
the surface accompanies the redistribution of air currents 
in the vertical section. ; 

These examples are adduced because it seems not im- 
probable that they give us the opportunity of watching 
the operation of the causes of change which are inherent 
in any actual state of atmospheric motion. 

Let me summarize the attitude which seems to me to 
be appropriate for the meteorologist to take up in face of 
the complexities of the atmospheric circulation, by again 
referring to the position of the astronomer before the final 
enunciation of the laws of motion. Imagine the per- 
were of the astronomer who, finding the heavenly 

odies moving in all sorts of directions with all sorts of 
velocities, set himself to explain the motion which each 
possessed. To him the laws of motion bring the assurance 
that it is not necessary for him to explain why a body 
moves; it is the changes of motion which should occupy 
his attention. So the meteorologist, looking at the circu- 
lation of the atmosphere in obedience to the distribution 
of pressure, has not to ask himself why the pressure is high 
here or low there, but rather, ‘‘Is the distribution per- 
sistent, and if not, are the causes of change inherent in 
the existing circulation sufficient to account for the 
changes?’’ If it be said that, after all, the problem re- 
mains the same and the point of view is immaterial, it is 
right to remember that in astronomy the change in the 
point of view has simply reduced chaos to law. 

From what has been already said, it appears that a 
steady state of persistent motion of the earth’s atmos- 
phere is in the highest degree improbable, because it can 
only occur in a combination of circumstances which are 
independently fortuitous; but it is desirable to call atten- 
tion to a possible case of motion which is quasi-persistent 
in consequence of two concurrent and persistent infrac- 
tions of the conditions of steadiness. 

If we suppose the south-to-north and north-to-south 
currents of figure 2 placed back to back so as to form an 
anticyclonic section instead of the cyclonic section repre- 
sented in figure 2, we find in juxtaposition a south-to-north 
current which must get rid of air, and a north-to-south 
current which must have air in order to maintain itself, 
and all that is required in order to maintain both currents 


2 
is a transverse flow of 0°0175 LV at any level where 


the current velocity is V from the south-to-north current 
to the north-to-south current. We can not accept this 
transverse motion as a part of steady motion, because the 
motion would not be strictly speaking along the isobars 
as prescribed by Law 1. But if we could persistently take 
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the momentum necessary for the perturbation of the 
steady motion in compliance with Law 1 out of the gen- 
eral west-to-east circulation, we could have both the 
southerly and northerly currents maintained. It is not 
unreasonable to suppose that, as a westerly circulation has 
to be diverted acetal to produce the northward circu- 
lation, the westerly momentum at the various levels may 
produce the effect described. In this case we should have 
the permanence of the anticyclonic distribution main- 
tained by the persistent infraction of the law of relation 
of pressure to wind. Atthe same time a flow-off at the 
bottom outward in both cases has to be supplied, and in 
consequence there is a downward flow under permanent 
conditions of pressure over both sides of the ridge of 
“high”? which would give the necessary warming of the 
air of a high-pressure region. Hence the case repre- 
sented in figure 3 seems to furnish a possible example of a 
high-pressure region maintained in a quasi-steady condi- 
tion by a transfer of air across the isobars in consequence 
of the uncompensated momentum; the flow-off on either 
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Fig. 3.—South-to-north current, Vi, supplying its own bottom outflow, U;, and main- 
— a parallel north-to-south current, V2, and its bottom outfiow, U: 
ence of air across the “high” ridge. 7 by transfer- 


side at the bottom from ‘‘high” to “low” denoted by U, 
— U, being provided by the adjustment of the currents 
an 
Whether or not this be a true explanation, it certainly 
agrees with common experience in regarding a high- 
pressure area as more easily maintained persistently 
than a ‘“‘low.”’ 


Propositions 2, 3, and 4. 


These propositions, which deal with the application 
of the formula for change of pressure-difference with 
height (the unit of height being the meter), viz, 


ddp 48 m Ap 


to explain the dominance of the stratosphere and the 
lack of importance of the troposphere in the distribution 
of pressure at the surface, to compute the wind-velocity 
from the pressure-difference at any height and to ex- 
ew the observed falling off of wind-velocity with 

eight in the stratosphere, have been dealt with in the 
paper communicated to the Scottish Meteorological So- 
ciety, and the work need not be repeated here, especially 
as Proposition 5 makes use of the same equations. 
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Proposition 5.—The calculation of the distribution of pres- 
sure and temperature in the oe air from the observa- 
tions of structure represented by soundings with a pilot 
balloon. 


A pilot balloon gives primarily the horizontal direction 
and velocity of the wind at successive heights, so that 
we may suppose that we have the horizontal direction 
and velocity of the wind at each kilometer as the data 
for the calculation. 

The first step is to resolve the wind-velocity into two 
components, west to east and south to north. 

By the application of Law 1 we can then compute the 
pressure-difference for 100 kilometers in the south-to- 
north direction and the west-to-east direction. 

Thus, if 4p is the pressure-difference for a distance L 
taken along the direction of the wind velocity V, if @, in 
absolute degrees, and p, in millibars, are the temperature 
and pressure, A the latitude, w the angular velocity of the 
nati's rotation, and R the constant of the character- 
istic equation for air, we have 


4P 


L pL’ 


And since both velocity and pressure-difference, or 
gradient, are vector quantities, we get for the northward 
and westward components of the pressure-gradient per 
hundred kilometers 


and 


where (W to E) and (S to N) indicate the components 
of the wind-velocity resolved in those two directions. 

Now from a pilot balloon ascent we can not get the 
value of p/@ for the special occasion of the ascent, but 
there is really little variation from time to time of this 
ratio. For the greater part of the troposphere varia- 
tions of pressure and temperature go together, and the 
whole range of variation of @ for any particular time: of 
year is less than 10 per cent, and the whole range of 
variation of p is of the same order. Consequently a 
mean value of p/@ may be taken as a first approximation 
for the purposes of the calculation. 

The following is a table of average values of p/@: 


TaBLE 2.— Table for values of p/6 at different levels—average of results in 
“Geophysical Journal,” 1912. 


Height. p/6. Height. pio. |Height.| |Height.| 
Km. | Em. | Km. Km. 
20 | 0°26 15 | 0°53 10 | 1-18 5 | 211 
19 | -28 -64 9 | 1°35 4 | 2-35 
18 | -32 13 | -75 8 | 1:52 3 | 261 
17 | -39 12 | -87 7 | 1:70 2 | 2-91 
16 | -46 11 | 1:02 6 | 1:90 1 | 3°24 
| | Ga. | 3°55 


Having thus computed the pressure-difference for 
100 kilometers, in two directions at right angles, for the 
level of each kilometer, we may next obtain by subtrac- 
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tion the change of pressure-difference for each kilometer. 
The use of the mean value for p/@ will not altogether 
invalidate the process, because the variation from kilo- 
meter to kilometer depends generally on the ordinary 
diminution of pressure with height rather than on any 
extraordinary distribution of temperature. 

Substituting the value of the rate of increase of pres- 
sure-difference per kilometer of height in the equation 


and again assuming a value of @/p, we can compute A@ 
provided we have a value of @ which can properly be 
substituted in the equation. 

Here, again, we must have recourse to the mean value, 
as we have no observation of actual temperature at the 
time; but, again, the error made is not fatal to the prac- 
tical success of the calculation, because @ comes in as a 
factor which affects the scale of the variation; it does 
not affect the sign. By taking the mean value for the 
month instead of the actual value the error is probably 
less than 10 per cent and the whole error of employing 
mean values for actual values probably amounts to less 
than 20 per cent; and in considering the distribution of 
pressure and temperature in the upper air we are not yet 
in a position to reject observations and information 
which may be in error by as much as a fifth. 

Consequently we may properly use the calculation 
here indicated to give at least a rough but working idea 
of the distribution of pressure and temperature at suc- 
cessive levels in the atmosphere when we know the 
velocity and direction of the wind there. 

The errors in p/@ and 6 are less important in consider- 
ing the nature of the distribution, because the same 
values, right or wrong, are used for both components at 
the same level. 

The following table of monthly averages gives values 
which may be used in the absence of any special infor- 
mation for the particular occasion: 


TABLE 3.—Average temperature (°A.) at different levels for months. 


1. FOR BRITISH ISLES. TAKEN FROM “GEOPHYSICAL MEMOIRS,”’ NO. 2 
(W. H. DINES). 


\Height.| Jan. Feb. Mar. | Apr. | May. | June. July.| Aug. Sept.| Oct. | Nov.| Dec. | 


| 
| 
| 
Km ° | © ° ° ° ° | © 
| 
| 
| 


11} 217} 217) 217] 219} 220/ 221| 222| 222] 221| 220) 219/ 218 


9 : 233 | 
8 | 230 | 229 | 230 | 232 | 236 238; 241 241 | 241 238 | 235 | 332* 
7| 236; 237 239 | 242) 245) 247) 247) 245 241 | 238 
6 | 243 243 | 246| 249] 255 | 255 | 251 | 249 | 245 
5 | 249) 250 252 | 256 | 259/| 261 262 | 261 258 | 255 | 252 
4) 257) 257 259) 262/ 265 | 267; 268| 267 | 264| 261 | 258 
3 | 263; 262! 263) 271 | 273 267 | 264 
2} 266| 267 270 | 273 | 276 | 278 | 279) 278 | 275; 272 | 269 
| 271 | 271 | 273! 276| 283] 279 | 275 | 272 
Gd 276 | 276 277 | 282 | 285 | 288 | 289)| 289 | 286 283 | 280 | 277 


*232°A?—C. A. 


I give in Table 3 a specimen of the calculation as ap- 
plied to the results of a sounding with a pilot balloon on 
April 29, 1908. 
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TABLE 4.—Computation of pressure distribution and temperature distribution from a pilot balloon ascent of April 29, 1908. 


2 


4 Incr. per km 
| Dire- | WtokE WWE | | Wtk,p | Change Iner. per km.) Iner. per km. | Iner. per km. 34.2 
eight. | Velocity. | ‘tion. | Comp. ot 34.2 X0+Ayp )| Ayo 
K=25.4 =AyP- (increase). x6. XO+AyP 
| 
km. | m/s. °Az. mis. mb. mb. °A km. 
6 | 20.5 300 +17.75 +0.70 | 1.88 +1.32 +0. 26 +0.0073 | 248 +1.81 +3.13 +1. 66 + 60 
5 | 15.0 300 +12.99 + .51 | 2.08 +1.06 + .29 + .0085 | 254 +2.16 +3. 22 +1.55 + 64 
2 8.0 250| + 7.52 + .30 | 2.90 + .87 + .33 + .0091 | 272 +2. 48 +3.35 +1.08 + 93 
+ a + 4 + + .08 + 278 + .64 +1.18 | + .37 +270 
| 
Iner. km. 
Dir StoN Sto N p | Se@NyP Change | Iner. per k Iner. per k Ter. per km ( 32 1 
Height. | Velocity. | Com K x perkm. |——3¢9——| 9 34.9? 34.2 ~—, X100. 
fon. | Comp. | =Ayp. | (increase) | 
km. m/s. m/s. mb. °A. km 
6 20.5 300 —10.25 —0.41 | 1.88 —0.77 —0.15 —0.0044 | 248 —1.09 —1.86 —0. 98 —102 
5 15.0 300 — 7.50 — .30 |} 2.08 — .62 — .48 — .0140 | 254 —3. 56 —4.18 —2.01 — 50 
4 8.5 280 — 1.47 — .06 | 2.33 — .14 — .19 — .0056} 261 —1.47 —1.61 — .69 132 
+2 +. 2 +. +. + 
1 5.0 2. + 2.50 + .10 | 3.18 + .32 — .21 — .0061 | 278 —1.70 —1.38 — .45 —222 


I have used this method for the calculation of the dis- 
tribution of pressure and temperature in the cases repre- 
sented by photographs of models in Mr. C. J. P. Cave’s 
book on the Structure of the Atmosphere in Clear Weather,‘ 
which includes that given in detail above. Some of the 
results are given below—the problem being understood 
to be stated thus: Given the wind velocity at any point, to 
find coordinates for drawing the isobar for the next higher 
millibar and the isotherm for the next higher degree of tem- 
perature. It will be remembered that the isobar over 
the point of observation itself is to be taken paratlel to 
the wind direction in accordance with Law 1, and the 
direction of the isothermal lines will be taken parallel to 
the line joining the computed coordinates, so that the 
distribution of pressure and temperature is to be repre- 
sented each by two parallel lines, the coordinates giving 
their direction and their distance apart. 


1. SOUNDING OF MAY 5, 1909, 6°43™P. M. 


‘‘Solid current’: Wind approximately uniform in direction and velocity 
from 2 kilometers to 10 kilometers. 


TABLE 5. 
| 
| Height. Distance of next higher isobar. D eo higher 
km. k km. km. km 
9-10 143 N 233 E 93 N 93 W 
8-9 143 N 181 E 1000 N 1250 E 
7-8 123 N 291 E 4548 54 E 
6-7 114N 292 E 137 N 74 W 
5-6 99 N 141 E 1008 139 W 
4-5 77N 110 E 832 N 58 E 
3-4 67 N 187 E 303 S 909 W 
2-3 58 N 144E 769 N 196 W 
54N 353 E 270 N 49 E 


In this case it is interesting first to notice the gradual 
separation of the isobars with increasing height and 
consequently diminishing density. This is the ordinary 
condition for the velocity remaining invariable with 
height. 


4 Cambridge University Press, 1912. 


Secondly, it is noteworthy that the separation of the 
isotherms is generally large and also very irregular, show- 
ing approximate equality of temperature in any layer, 
but great want of conformity between one layer and 
another. Such variations in the distribution of temper- 
ature may easily be accounted for by local convection 
producing changes of temperature and possibly clouds, 
and it leads us to reflect that the convection whieh pro- 
duces local clouds will also produce local modifications of 
temperature and consequently local modifications of 

ressure and wind velocity. If we ask whether such 
ocal variations of temperature and wind are at all prob- 
able, we have only to refer to the records of the ascents 
of registering isda. and of anemometers, or of pilot 
balloon ascents, to give an affirmative answer. 

Nothing is more noteworthy than the irregular varia- 
tions in temperature difference as given by a pair of 
soundings with registering balloons, and the curious 
local irregularities of wind disclosed by pilot balloon 
ascents. Hitherto it has been customary, on quite 
general grounds, to regard them both as possibly due to 
the uncertainties of observation. We now see that they 
may equally well be important evidence of complication 
in the structure of the atmosphere. 

Those whose temperament inclines them that way 
have still the possibility of uncertainties in observation 
to fall back upon; but the better plan would seem to be 
to arrange for simultaneous ascents of registering balloons 
and pilot balloons, so that the actual and computed dis- 
tribution of gr may be compared. The inter- 
esting feature of the comparison would be that, if the 
method of computation here indicated (with its 
acknowledged uncertainties in taking mean values for 
p/@ and @ instead of actual values) should prove service- 
able, then one pilot balloon ascent gives for practical 
peaponre almost as much information as three registering 

alloons. 

Apart from the uncertainties which have been men- 
tioned, the conclusions as to the distribution of tempera- 
ture and pressure are incontrovertible by those who 
accept Law 1, and per contra if the conclusions are sus- 
tained Law 1 receives its most complete vindication. 
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2. SOUNDING OF SEPTEMBER 1, 1907. 


Westerly wind rapidly increasing aloft. 


TABLE 6. 
| | » high 
| Height. Distance of next higher isobar. 
isotherm. 
| 
km. | km km. 
4 | 688 co EorW 86S 119 E 
ia 78 400 W 44S 555 E 
2 | 1398 S 185 W 
1 | 1968 526 W 43 S 80 E 


The increase in the intensity of the pressure distribu- 
tion with height is clearly shown and finds its explana- 
tion in a steep temperature gradient from south to north. 


3. SOUNDING OF NOVEMBER 6, 1908, 10° 557 A. M. 


Reversal of direction from E.S.E.in the lowest three kilometers to W.N.W. 
in the reach from 4 kilometers to 9 kilometers. 


TABLE 7. 

Height. _| Distance of next higher isobar. | Distance of next higher iso- 
km. km. km. km. km. 
8-9 1858 356 W 96 S 312 W 
7-8 204 S 356W | 4168 770 W 
6-7 200 S 416 W 2948S 189 W 
5-6 233 8 5W | 1398 625 E 
4-5 3448 665 W 1018 109 W 
3-4 5,000 S 4,000 E 1198 270 W 
2-3 588 N 416 E 286 S 108 W 
1-2 100 N 142 E 248 65 W 
0-1 7N 12E | 34N 40 E 


The gradual diminution of velocity up to 4 kilometers 
where the isobars become very wide apart, is well marked 
in the second and third columns; and it is seen that the 
reversal is to be accounted for by a rapid rise of tem- 
perature to the southwest in the second and third kilo- 
meters, with a similar distribution of temperature of less 
marked character in the higher layers. 

It will be noticed that in the second and third kilo- 
meters, where the reversal is determined, the slope of 
temperature is opposite to the slope of pressure, a con- 
dition which we have already noticed as being charac- 
teristic of large change of pressure-difference with height. 
In the sixth kilometer the next higher isotherm is found 
a long way off on the east instead of on the west, as in 
the layers above and below. The change is not really 
very large, as the temperature conditions are nearly uni- 
form in that region as regards the west-to-east direction, 
but it furnishes a reminder of the close association which 
we must expect to find between slight changes in tem- 
perature distribution and in the direction and force of 
the wind. 

’ 4. SOUNDING OF APRIL 29, 1908. 


Northwesterly current in the upper layers crossing a lower current from the 
southwest. 


This is the example of which the details of the working 
are shown in Table 4, and it is one of great interest, 
because it is characteristic of the advance of a well- 
developed cyclonic depression from the westward. It 
has long been recognized, by seamen and other observers 
of weather, in observations of upper clouds which are 
seen to be moving from the northwest while the surface 
winds are coming from the southwest. It is one of the 


surest signs of the rainfall which occurs in the front of a 
cyclonic depression. The table already given shows the 
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values of 4yp and 4wp for each kilometer level, and the 
values of 4,9 and 4w@ computed from the changes in the 
pressure-differences for successive kilometer steps. 

We may note here an ambiguity of notation, which we 
ought to find some means to remove, and which ought at 
least to be made clear. In the table [Table 4] 4p and 40 
are used to indicate the slope of pressure and of tempera- 
ture in the two directions N.and W. Thus in the table, 
when 4p or 4@ is positive for a given direction, it is to be 
understood that it represents the fall of pressure in that 
direction. But the usual convention of the differential 
calculus is that an increase in the quantity represented is 
indicated by a positive value of the difference. The am- 
biguity arises from the use of the convenient symbol 4 to 
denote the difference, while the meteorological practice 
is to think of gradient as represented by downward slope. 
I have not found any convenient new symbol to use 
instead of 4 to indicate a negative difference, so the 
ambiguity remains for the present, though I feel that an 
apology is due for it. 

In order to present in a table the corresponding values 
of 4p and 46 for the same level, I have taken the means 
of the two values of 4p for the top and bottom of the kilo- 
meter to which 4@ refers. This practice is, perhaps, 
rather doubtful, but except in Table 6 it has te fol. 
lowed in the tables already given, so I adhere to it in 
this one. 

Converting by simple inversion the figures for 4p and 
46 per 100 kilometers into distances along the axis of the 
intercepts of the next higher isobar and isotherm, respec- 
tively, we obtain the following: 


TABLE 8. 

Height. | Distance of next higher isobar, | Distance of next higher iso- 
km. km. km. | km. km. 
5-6 848 143 W 60S 102 W 
4-5 109 S 263 W 648 50 W 
3-4 1418 2,000 W | 1358 132 W 
2-3 1318 526 E 244.N 125 W 
1-2 1418 32E | 938 909 E 
0-1 200 S 232E | 2708 222 W 


In this table the gradual conversion of a southerl 
component into a northerly component associated wit 
higher temperature to the westward is very noticeable. 

t will be seen that the isobars above 4 kilometers are, 
roughly speaking, at right angles to those in the lowest 
kilometer, which is, of course, in accordance with the 
wind observations; but that the isotherms, with some 
fluctuations, particularly in the second kilometer, are 
similarly arranged at the top and at the bottom. That 
is to say, the upper winds are flowing from the northwest 
with the higher temperature on the southwest side, while 
the lower winds are moving transversely from the south- 
west with a distribution * temperature parallel to that 
of the upper air, but in this case the isotherms are across 
the wind. 

These results are represented in figure 4, which was 
originally drawn to the same horizontal scale as the larger 
chart of the Daily Weather Report, and it is clear that 
in the lowest stage the columns of warmer air brought in 
by the southwesterly current are being carried under- 
neath the parallel columns of the upper current. Up to 
4 km., where the wind has become westerly, we have a 
distribution which produces the same effect. The wind 
is always carrying warmer air under colder air, and as, 
by Proposition 1, a southerly current tends to thicken 


| | 
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and a northerly current to give way, the pushing under 
of the warmer air becomes more effective, until instability 
occurs and rainfall sets in. The irregularities which are 
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Fig. 4.—Pilot balloon sounding, April 29, 1908. Northwest wind over southwest: 
characteristic of an advancing depression. The arrow shows the direction and velocit 
of the wind; the full line, the position of isobar nezt above that which passes throug 
thestation. The dotted line through O shows the isotherm passing through the station; 
the parallel dotted line, the isotherm for one degree higher than that of the station. 


shown in the distribution of temperature are probably 
due to previous convection. 
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We have here, therefore, the assurance of rainfall con- 
ditions as the southwesterly wind pursues its course 
under the northwesterly in front of the 
depression. The rainy condition of that part of a depres- 
sion is thus directly accounted for. 

The characteristic rainfall of a cyclonic depression is 
generally associated with a general convergence of the 
surface isobars, but this hypothesis is difficult to follow 
into details, because the convergence is general over the 
area, while the rainfall is local. The analysis of the con- 
ditions of the upper air here set out shows that there is 

ood reason for rainfall in the upper layers, to which the 

18 of general convergence can not safely be held to 
apply. 

7 “4 the examples which are taken from Mr. Cave’s work 
I may add one for October 16, 1913, which was reported 
to me by Mr. J. S. Dines in connection with his work for 
the branch meteorological office at South Farnborough. 

On that day, at Pyrton Hill, where the sounding was 
made, there was a sudden change of wind between 1,100 
and 1,500 meters height from a reasonably steady wind 
from nearly due south into one almost as steady from 
due north, the change being accomplished within half a 
kilometer. The analysis in this case shows for the layer 
between 500 and 1,100 meters a temperature distribution 
in isotherms nearly north and south with the warmer air 
on the east, and x ace 1,500 meters an entirely different 
distribution with isotherms nearly east and west, and 
cold to the northward. The intermediate layer, 400 kilo- 
meters thick, showed a very rapid increase of tempera- 
ture to the west—as much as 7° C. per hundred kilo- 
meters. 

The complete arrest of the northerly current and pro- 
duction of a calm by the annihilation of the gradient be- 
tween 1,100 and 1,500 meters is very remarkable, but 
nevertheless a real fact. The accompanying temperature 
difference is probably due to a strong temperature “ inver- 
sion” at a height of about 1,500 meters at the place of 
observation and of 1,100 meters at a place 100 kilometers 
distant to the west. On that occasion it lasted for some 
time, as it was found an hour afterwards by a second 
balloon; but it must be remembered that it was a region 
of no velocity, and therefore the relatively warm and 
cold airs were not moving. In order to get them away, 
either convection must take place or a gradient must 
created. 


Proposition 6.—The general circulation of the atmosphere 
in the Northern Hemisphere. 


The reasoning in this proposition is more general in form 
than that of the foregoing propositions. The extension 
of our knowledge tends more and more to strengthen the 
conclusion that the proximate cause of the variations of 

ressure in the region of the British Isles must be looked 

or in the layer at a height of about 7 to 9 kilometers; it is 
the layer of maximum wind velocity just under the strato- 
sphere, and it is also the layer within which must be located 
a rapid transition of slope of temperature. Below it, as 
set out in Lemma I the slope of temperature follows the 
slope of pressure; above it, the slope is in the opposite 
sense. The mechanism by which the changes of pressure 
are produced is unknown; but this much is apparently true, 
that within the layer referred to, the relation between the 
pressure and temperature of the air at two places on the 
same level is that of adiabatic expansion. Above the 
critical layer where this relation holds, the air in the 
high-pressure area is “too cold,” and below it, for 5 or 6 
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kilometers at least, it is ‘too warm.” *> We may sup- 
pose that air becomes “too warm” by the dynamical 
warming of downward convection, and, perhaps, also 
that it becomes “too cold” by piling up under the strato- 
— and readjustment of the several layers within 
the stratosphere, so that pressure on the sample which 
causes the bulging is reduced, while that over the sur- 
rounding regions is increased.* Radiation is left out of 
account—whether rightly or wrongly, it is not possible 
at this stage to say. 

The motion of the critical layer is on the average from 
west to east, but not invariably so, and apparently the 
temperature relations which have been described are not 
dependent upon wind direction. Other phenomena, 
so far as they have been observed, seem to iadinnte a sim- 
ilar symmetry, but there is no sufficient evidence for sup- 

osing that the phenomena are necessarily centered 

ocally. In fact, according to the distribution of isobars 
at 4 kilometers computed by Teisserenc de Bort (Lemma 
II), the average motion does not differ much from a cir- 
culation round the pole which, once set up, might be 
persistent with little change if it was everywhere adjusted 
to the barometric gradient. The actual motion, however, 
certainly does change, and is, in fact, constantly changing. 

Let us consider the conditions of Teisserene de Bort’s 
average isobars and the forces which are available to 
produce the perturbations of a supposed original circum- 
polar circulation indicated thereby. I have already 
remarked that, for such a circulation as that represented 
by Teisserenc de Bort, the isobars for 4 kilometers may 
fairly be accepted as applicable at 7 kilometers also, be- 
cause the changes of pressure difference between 4 kilo- 
—— and 7 kilometers are in ordinary circumstances very 
slight. 

Taking the average map for January, it will be noticed 
that the isobars at 4 kilometers are clearly not circles 
round the pole. If they were so, a steady circulation 
would be a natural conclusion. It has been already 
postulated in Lemma II that they are in reality in- 
dented ovals or approximate figures of eight with the 
lobes over the Asiatic and American Continents and the 
inward bends over the two oceans. I purpose considering, 
first, the effect of convection as a sls cause of the 
deviation from the circular shape. The shape which we 
have to explain is exactly opposite of that which is often 
shown on synchronous charts of the distribution of 
pressure at the surface of the Northern Hemisphere in 
winter, and which has “highs” over the continents and 
“lows” over the oceans. I remark in the first place that, 
to derive the figure-of-eight shape from the circular 
shape, one can not rely simply upon the nutation of a 
west-to-east circulation round the pole; one must super- 
pose either a pair of anticyclonic systems, elongated 
north or south, over the oceans, or a pair of cyclonic sys- 
tems over the continents, of which we can at present only 
determine the southern portions; or we might arrive 
at the actual shapes by adjustments of both kinds. If 
we assumed positions for the original circular isobars, it 
would be a simple matter to give numerical values of the 
ro are tet anticyclones or cyclones. But the circum- 
polar circular isobars are hypothetical, and, at the present 
stage, the numerical work indicated would be unremu- 
nerative. Let us assume, however, such an initial circum- 
polar system, and consider the physical forces which would 
disturb its motion. 


6 See Journal Scottish Met. Soc., 1913, loc. cit. 
6 See a note on the Perturbations of the Stratosphere in Publication 202 of the Meteor- 
ological Office. 
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The only force immediately at hand is that of gravity, 
due indirectly to the cooling of the surface air on the 
land and frozen sea in the Arctic night operating in 
accordance with Law 3, the law of convection. This 
may produce a real effect of some magnitude on land 
slopes. It is not, I think, necessarily effective over level 
surfaces, because there is no slope down which the cooled 
air can flow. 

I have always hesitated about the common explanation 
of the trade winds and other well-known phenomena 
based upon the reverse process of surface heating. Sur- 
face heating and surface cooling necessarily produce a 
certain amount of expansion and contraction, but not 
necessarily any continuous convection current. Convec- 
tion requires the juxtaposition of warm air and cold air, 
and, if the region is big enough, the result of surface 
heating may easily give rise to a heated volume of air 
surrounded by isobars and air currents that prevent any 
continuous process of general convection. Local con- 
vection there would be, but that need only extend high 
enough up to take up the day’s heat. All the main air 
currents of the globe have pressure distributions to guide 
them. They can not usefully be called convection 
currents. 

So, if we had, say, a million square miles of level ice 
round the pole, I can not see that the cooling of that area 
need produce any considerable effect upon the distribu- 
tion of pressure; but if the cooling takes place on slopes, 
we at once get the force of gravity to heh, and one can 
no more suppose the downward flow of the air to be 
stopped than the flow of a river to be permanently 
arrested. Hence there must be in winter a continual 
flow of air off the great land areas of the Northern Hemi- 
sphere if they have any slope. The air fall off Greenland, 
for example, must be enormous. Every description by 
explorers in the Antarctic seems to support the suggestion 
of a great cold-air cascade from the Antarctic continent. 
How much flows, and where it flows to, I can not say; 
ultimately it must find its way to warmer latitudes by 
some route or other: but these air flows must be a real 
cause Of alteration in the distribution of pressure, and 
it is to the land slopes which are losing heat that we may 
trace an indubitable influence, and therefore a disturbance 
of the uniformity of circulation. Apart from compensa- 
tion, a flow-off of 1 meter thickness of air would mean a 
reduction of pressure of 0.1 millibar. 


The facts which are here represented are sometimes taken as indi- 
cating the formation of anticyclones over the Arctic and Antarctic 
land areas. When those areas are represented by plateaus 10,000 or 
15,000 feet in height, the surface anticyclone may become merely a 
hypothetical construction suppcsed to occupy the space which is 
really occupied by land and not by airatall. Toa considerable extent 
the great Asiatic and American anticyclones depend upon the reduc- 
tion of observations to sea level under conditions which can have no 
real existence. The mountain slope might possibly operate, in the 
maintenance of a cyclonic circulation in the upper air, much like 
the hole in the bottom of a basin, and the cotual bend surface at the 
high level might therefore be a region of cyclonic circulation. 


Similar phenomena must of course happen locally, 
and they are well known in mountainous regions, though 
we can hardly expect the smaller local examples to show 
much effect in the distribution of proxy over the globe. 

But we may assume that cold land slopes in winter 
are the cause of a constant abstraction of air from the 
lowest layers of the atmosphere in those regions. The 
cold air flows away by gravity, and since the surface 
pressure is apparently still maintained, the efforts to 
redress the loss of air have to be carried out in the upper 
atmosphere and in accordance with its laws; conse- 
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uently we should expect to find a cyclonic circulation in 
the level in which the replacement is taking place. The 
cyclonic circulation may operate to prevent the pressure 
being made up overhead, but it can not prevent the cold 
air from flowing downhill unless the reduction of pressure 
is enough to reduce the density by as much as the low 
temperature increases it, and this is a difficult task, for 
near sea level it takes more than 3 amillibars loss of 
pressure to make up for a single degree loss of temperature. 

Hence we may suppose that the constant drainage of 
the land areas von ‘result in the superposition of a 
cyclonic distribution at high level over them, and the 
continental lobes of Teisserenc de Bort’s isobars for the 
— air may well be due to this cause. 

ut the cause is obviously a very variable one, depend- 
ing upon the distribution of cloud and other circum- 
stances. Statistically, its effect upon the circulation of 
the upper air is to exaggerate the pressure gradient for 
westerly winds over the Temperate Zones of the conti- 
nents, and to diminish the gradient northward. Thereby 
we introduce into the circulation local accentuation of 
current, which must be disposed of by some dynamical 
process. 

The next step in the consideration rests upon the fact 
that by superposing a cyclonic depression upon the cir- 
cumpolar circulation we displace a part of that circulation 
to the southward and reduce the northern part. Taking 
the case of Teisserenc de Bort’s map for January, the 
westerly run of isobars over America and Asia is about 
10° to 20° of latitude lower than over the oceans, and 
these two positions of westerly circulation have to be 
connected by isobars which cross the parallels of latitude, 
and therefore have a south-to-north and a north-to-south 
component respectively. Therefore, they can only be 
maintained persistently under the conditions set out in 
Proposition 1. Now, it has been shown in the discussion 
of Proposition 1 that permanence of a quasi-steady char- 
acter might be realized in the case of an anticyclonic ridge 
having a south-to-north current on its western side, and 
vice versa, provided that momentum was being taken out 
of the westerly circulation in order to provide a slight east- 
ward deviation from the isobars setting to the north. 
Such a case would be fairly represented by the deviation 
from circular isobars shown over the oceans on Teisserenc 
de Bort’s map for January, and hence the form of those 
isobars may be arrived at by the influence of a steady flow- 
off of air down the land slope of the Arctic regions and the 
steady deviation of the wind from the direction of the 
southwest to northwest isobars on the western sides of the 
oceans in consequence of the momentum of the westerly 
circulation. 

Meanwhile, what happens to the cold air which has run 
off the land areas ? at has to be steered about by the 
distribution of pressure in the upper air as modified by any 
special peculiarities of temperature in the lower regions, 
and all sorts of complications may arise from this cause. 
So far as it goes, its density tends to set up high pressure 
over the regions which it covers, and so to make a slope 
of pressure southward and cause easterly winds on its 
southern side. Whenever in a mass of air temperature- 
fall is in the opposite direction to pressure-fall, great 
change in the horizontal distribution of pressure under- 
neath is the result, and many of our local variations of 
pressure may fairly be attributed to the reactions which 
these cold masses of air offer to the attempt (in the end 
futile) on the part of the upper air to steer them round the 
pole from west to east. By their eastward motion these 
masses of cold air are always reminding us that if left to 
themselves, without the overpowering guidance of the 
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pressure distribution of the upper air, they would form a 
circulation round the pole in opposition to the circulation 
of the upper air, with which they are in perpetual conflict. 


TURBULENT MOTION. 


In the study which has been the subject of the foregoing 
pages we have always considered the motion of the air 
to be regulated by a distribution of pressure balanced by 
the rotation of the earth, except in regard to the surface 
layer and one other suggested exception when the momen- 
tum of the general westerly circulation was invoked. It 
should here be noted that by this limitation to what may 
perhaps be called “great circle motion,” we are consider- 
ing almost exclusively the circulation above that half of 
the earth’s surface which is north of the northern tropic 
and south of the southern one. There is another section 
of meteorology which has to deal particularly with the 
region between the Tropics, where the beginnings of trop- 
ical revolving storms are to be found. These storms, 
which have a diameter of some hundred miles or more, 
as well as the tornadoes which have a diameter of perhaps 
a quarter of a mile, belong to the subject of turbulent 
motion, with which the eddies and whirls that are pro- 
duced by obstacles on the surface of the ground are also 
associated. All these phenomena of turbulent motion, 
important as they sometimes are in real life and death, 
must be treated in a manner different from that of the 
present communication. 


BIRKELAND’S THEORY OF THE ZODIACAL LIGHT.' 
{Dated Weather Bureau, Washington, D. C., May 1, 1914.] 


Birkeland finds that several of his experiments ? with a 
magnetized, phosphorescent terrella in a large vacuum 
chamber, furnish phenomena which serve him as a start- 
ing point for an explanation of the zodiacal light and the 
gegenschein. 

The position of the zodiacal light has now been defi- 
nitely shown to be closely related to the position of the 
solar equator, rising and sinking with it, and is not so im- 
mediately related to the ecliptic as former general opinion 
held it to be. One of the most significant, and heretofore 
unexplained, characteristics of the zodiacal light is the 

ulsatory character of the variations in its brightness or 
intensity, and in its shape. These pulsatory changes a 
pear to an observer to be akin to those shown by the 
aurora and by terrestrial magnetism, and have been cor- 
related with pulsatory oscillations in the terrestrial mag- 
netic field. Where is no lack of impeccable observations 
and records of this pulsation in the zodiacal light, witness 
writings by Humbeldt, Birt of Kew, George Jones of the 
United States Exploring Expedition to Japan, and Birke- 
land at Halde, Kaafiord, and Khartum. Evidently an 
adequate theory of the zodiacal light must account for 
this feature of it. Birkeland therefore thinks “‘it very 
probable * * * that the zodiacal light must be 
primarily occasioned by electrical phenomena.” 

Birkeland regards the sun as a great magnet, having a 
‘magnetic moment of the order 10% or about 150 times 
as great as that of the earth,” and that its magnetic 
equator is essentially coincident with its heliographic 
equator. Further he finds no good reason for supposing 
that the sun’s magnetic axis is not coincident with its axis 
of rotation. 


Aurora Polaris Expedition, 1902-1903. V.1, sec. 2, chap. 5. Chris- 
2 Described in “The origin of worlds.” By Prof. K. Birkeland, Sci. Amer. suppl, 
Nos. 1957, 1958. New York, July 5, 12, 1913. 
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Constant rays of corpuscle-currents composed of atoms, 
molecules, and electrons are continuously given out by the 
sun, but apparently these rays are of two kinds: (1) 
Those of a somewhat less stiff magnetism, which are the 
rays continually given off by all portions of the sun but 

robably most strongly from the neighborhood of the 

eliographic equator; and (2) the very stiff corpuscle rays 
that radiate in short periods from the portions in greatest 
activity, viz, at and about the sun spots. The constant, 
less stiff rays, are less penetrative through matter, and 

robably come from lesser depths in the solar atmosphere. 

he very stiff rays from the sun spots are those which it 
is * phe specially occasion magnetic storms upon our 
earth. 

Birkeland has investigated, experimentally, the be- 
havior of these corpuscle-rays in the magnetic equator of a 
magnetic globe, and he feels justified in expecting to find 
that on repeating his previous experiments and using his 
largest discharge box, he will secure a perfectly flat ring 
of light 30 centimeters in diameter about the 8-centimeter 
globe. This will be with a difference of tension of only 
700 volts between the globe and the positive pole, and a 
current of 21 amperes. With a low magnetizing current 
the ring is broad and small in extent, and when there are 
slight irregularities in the surface of the globe luminous 
rays are seen proceeding from the magnetic poles in addi- 
tion to the luminous rng about the magnetic equator. 
If the surface is highly polished there is but the luminous 

uatorial ring. At times this equatorial ring was dis- 
tinctly divided by a dark circular band into two concen- 
tric rings. 

When polar rays were also visible they showed deflec- 
tions equatorward, and the resemblance to the solar 
corona of May, 1901, became rather striking. In this 
connection he promises to conduct further experiments 
wherein he expects to secure even more perfect resem- 
blances between experiment and nature. 

Now he finds, mathematically, that— 

If radiation starting from the surface of a sphere in the plane of the 
magnetic equator, and only subject to the magnetic influence of the 
magnetic field of the sphere, reaches a distance from the center greater 
than 2.414 times the radius to [of] the sphere, the radiation will not be 
able to return to the sphere but will pass on toward infinity. 

This result is independent of the magnetic moment of 
the sphere and the stiffness of the rays, but presumes the 
sphere uniformly magnetized or to have a magnetization 
which is a function of the distance from the center. His 
experiments make it— 

* * * very possible from a physical point of view, that a ring of 
radiant matter has been formed round the magnetic equator of the 
sun, the dimensions of this ring being greater than those of the earth’s 
orbit. [We are here dealing with] corpuscular rays of very great stiff- 
ness * * * which partially consist of atoms and molecules. and not 


merely of electrons, thus * * * the radiant matter in thick layers 
ie 9 slightly luminous and capable of absorbing and scattering solar 
ight. 


Let us now see how we can explain the observed char- 
acteristics of the zodiacal light, by supposing that in the 
sun’s equatorial plane there exists a flat ring of radiant 
streams of matter, consisting principally of primary rays 
and streams of atoms from the sun, and perhaps also of 
secondary rays emitted from cosmic dust moving in the 
same plane and which are irradiated by the primary 
beams from the sun. 

This theory resembles somewhat both the exploded one of 
Mairan (1731) and that now known as the meteoric theory. 
In equal degree it resembles that put forward by Jones 
after discussing his own observations, viz, ‘‘the hypothesis 
of a nebulous ring with the earth for its center.’’ But 
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really Birkeland’s theory combines the advantages of the 
earlier theories and also explains phenomena of the 
counterglow (gegenschein), and pulsations of the zodiacal 
light, both heretofore unexplained. 

As the earth advances in this assumed ring of radiant 
matter that surrounds the sun, the magnetism of the 
earth will sweep away the corpuscles of radiant matter 
from a space or Gavity about it. This cavity is probably 
not the regularly shaped ring supposed by Jones. The 
experiments mar the terrella show how the stream of 
corpuscles from the sun will be deflected when they 
sufficiently approach the earth, in such a way as to readily 
explain the brightness in the east before sunrise and the 
brightness in the west after sunset. In the latter case, we 
are looking into the deep layers of radiant matter lying 
in the sun’s magnetic equator where therefore we see 
the brightest glow, and the brightness disappears at the 
boundary formed where the rays spread out to pass 
around yt earth or below its magnetic equator. 

From analogy with the terrella experiments, it may be 
concluded that after passing around the earth the rays will 
gather into asecond sectional line (second line of precipi- 
tation) where, however, their density will be much less 
although still considerable. The concentration in this 
second line is always greatest when the magnetic axis of 
the earth (terrella) is perpendicular to the cathode rays, 
but the position of the line is always approximately on 
the magnetic equator of the earth and the brilliant origin 
of the line is always close to the point opposite to the 
location of the cathode (the sun). Brorsen had come 
to the conclusion that at both the vernal and the autumnal 
equinoxes ‘‘the brightest part of the gegenschein is di- 
rectly opposite the place of the sun, so that a calculation 
of the greatest light frequently coincides to a degree with 
the point of opposition to the sun,” and it appears that all 
accurate work since his confirms this and other conclusions 
made by him. 

Now, at the time of the equinoxes the “second sec- 
tional line’ of the corpuscle rays passing around the 
earth should be most strongly marked and it would lie 
in the earth’s magnetic equatorial plane at a point about 
180° from the sun, and also somewhat in the ecliptic or 
near the sun’s equatorial plane. At this season we shall 
see the points of intersection of the corpuscle rays, the 
“second line of precipitation,” lined up with the sun’s 
magnetic equatorial ring of radiant matter, and which we 
assume extends beyond the earth’s orbit. When regard- 
ing this ‘‘second line” we see into a considerably thicker 
stratum of the radiant matter opposite the sun, therefore 
perceive more diffused light; this increased quantity of 
diffused light along the ‘‘second line of precipitation” 
may be regarded as the origin of the gegenschein. 

* Aine analysis of the zodiacal light shows it to 
be essentially sunlight. Occasionally the auroral line 
is seen superimposed on the zodiacal light spectrum. 
Birkeland, though accepting analogies guardedly, finds 
that the known diffusion of light even on the very 
clearest days, and that his own observations (see below, 
p. 211) of what he concluded were daylight auroral rays 
scattering the sunlight and therefore appearing as pul- 
sating daytime clouds, together with researches into 
optical conditions of electrically luminous gases and va- 
pors by Ladenburg and by Wood, all indicate that ‘there 
is comparatively a very large number of dispersion elec- 
trons [in the radiant solar matter] that can take up and 
be in resonance with the light waves from the sun, and 
that possibly here, too, this number of dispersion electrons is 
proportional to the enormous electric current intensity that 
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emanates from the sun in the manner here assumed.” It 
is not improbable that the great mass of radiant matter 
into which we suppose we look when observing the 
zodiacal light, is capable of diffusing enough sunlight to 
produce the luminosity of that phenomenon.—{o. A., jr.] 


A POSSIBLE CONNECTION BETWEEN MAGNETIC AND 
METEOROLOGIC PHENOMENA. 


By Kristian BirKELAND. 


{Reprinted from Miss Jessie Muir’s English text of ‘‘The Norw Aurora Polaris 
Expedition, 1902-1903.” v.1, 2d section. Christiania. 1913. p. 449-450.) 

93. If the view we have maintained is correct, namely, 
that the magnetic storms are due to corpuscular rays 
that are drawn in in zones round the magnetic poles, 
where they pass directly down into the atmosphere of the 
earth, it is clear that these rays, especially in the upper 
strata of the atmosphere, must be assumed to produce a 
strong ionisation in the air. In our expedition of 1902-03, 
atmospheric-electrical measurements were made, which 
will be gone into later on; but it may be remarked here, 
that the result of these measurements showed that the 
‘‘Zerstreuung”’ of the air at those stations averaged about 
twice as much as in Christiania, indicating that the air 
up there is considerably more ionised than in lower lati- 
tudes. In an expedition which I made in company with 
my assistant, Mr. Krogness, to Kaafiord at the time when 
Halley’s comet crossed the sun’s disc in May, 1910, I had 
an opportunity of studying this matter more closely. 

Instead of, as before, making the measurements at 
places that are at no great height above sea-level, I on 
this occasion mney es it at my old aurora observa- 
tory on the top of Haldde Mountain, about 910 meters 
above the sea. Here there proved to be sometimes tre- 
mendous variations. On the 20th May, for instance, 
values were found that went up to about 500 times the 
normal. Unfortunately the attempt was interrupted 
in the middle of these measurements; but I had an oppor- 
tunity of making insulation-tests twice at that time, 
which proved there was no perceptible leakage. If we 
can demonstrate this circumstance with certainty, we 
presumably have before us a phenomenon that is closely 
connected with the peculiar light-phenomena that Lem- 
i discovered in 1882-3 on a mountain-top at Sodan- 

yla. 

There is no doubt that such strong ionisations will have 
a very great influence upon atmospheric conditions, 
especially upon the formation of clouds, and must thus 
be assumed to be a meteorological factor of no small im- 
portance, especially for the districts in the vicinity of the 
auroral zone. I am of the opinion that this is a very im- 
portant connecting link between terrestrial-magnetic 
and meteorological phenomena. I have therefore re- 
cently submitted to the Norwegian State authorities, a 
suggestion that a permanent up-to-date magnetic-meteor- 
ological observatory be established upon the top of 
Haldde, for the purpose, if possible, of throwing fight 
upon these interesting and meteorologically important 
matters. 

There was another phenomenon, striking examples of 
which we had the opportunity of seeing on this expedi- 
tion in May, 1910, namely, the formation of what may be 
called auroral clouds. In addition to the usual polar 
bands, which in a clear sky, could very often be observed 


1 Paulsen, Adam. Wolkenbildung durch das Nordlicht. (Aus einer Mittheilung 
an die k. dinische Akad. d. Wiss., 1895.) Meteor. Ztschr., Wien, 1895, 12.Jhrg. p. 
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in the form of several evenly luminous arcs, of which, 
however, one was especially conspicuous, exactly similar 
to parallel auroral arcs, we very frequently found forma- 
tions of cirrus clouds, which exhibited the most perfect 
agreement with various auroral formations. veral 
times we had capital examples of the manner in which 
such clouds are formed, how drapery-formations appeared 
in a short time, exactly in the same manner as an auroral 
drapery. The first observer, who has called attention to 
this very interesting fact seems to be Adam Poulson [Paul- 
sen].!. As far as I know, no one has, however, studied this 
phenomenon in connection with simultaneous magnetic 
registrations at the same place. This we had the oppor- 
tunity of doing, and the very interesting fact came out, 
that the formation of these clouds was always accompa- 
nied by simultaneous magnetic storms and earth-cur- 
rents; and there thus appears to be no doubt that these 
are diréct cloud-forming effects of the same rays that 
occur in the auroral phenomena. From this it seems, that 
these cirrus-clouds are directly formed by the corpuscular 
rays which we suppose to be the cause of magnetic storms 
and aurora. The First hypothesis that one naturally might 
form as to this phenomenon is, that the clouds are due to 
water-vapor brought to condensation by the ions formed 
by the impact of negative rays. It is, however, also a 
probability that some of the observed ‘‘auroral clouds” 
are not real clouds, but merely a very strong concentra- 
tion of corpuscular rays, which in the case of darkness 
might appear luminous; in the daytime the concentra- 
tion of corpuscles should have the effect of making the 

laces where they occur less transparent, and able to dif- 
use light, and thus become visible. In such a way also 
possibly certain faint polar bands observed in the polar 
regions might be explained. According to circumstances 
these concentrations may disappear, or perhaps give rise 
to real clouds. 


RADIOTRANSMISSION AND WEATHER. 
By A. H. Taytor. 


[Reprinted from Physical Review, 2d ser. v. 8, May, 1914, pp. 346-352.] 


In a previous paper on this subject ' the writer submit- 
ted evidence which seemed to show that unusually good 
radiotransmission across long overland distances at night 
is preceded the day before by seperti OUR conditions 
prevailing in the region across which the nocturnal good 
transmission takes place. 

The evidence presented in that paper has been greatly 
strengthened by subsequent observations. In particular 
it may be mentioned, that out of some 60 cases of good 
transmission studied since September 24, 1913, 44 have 
followed a generally cloudy condition over the area in 
case, while of the other 16, a majority have occurred 
during the shortest days of the year, Oa the hours of 
sunlight in the latitude of Grand Forks, N. Dak., are 
relatively few. 

Before discussing the bearing of this evidence-on the 
idea of the reflection and refraction ? of electric waves by 
ionized layers of the earth’s atmosphere, it will perhaps 
be well to examine some of the data collected at this 
station since September 24, 1913, for evidence of a some- 
what different character. 

In commenting upon the previous paper, the editor of 
the Electrical World suggested that the effects noted 


1 Electrical World, Aug. 30, 1913. 
2 Dr. Eccles, in The Electrician, Sept. 27, 1912, and Sept. 19, 1913, 
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might have been indirectly due to general cloudiness 
inasmuch as this would usually bring about some rainfa 

and would therefore probably reduce the ground absorp- 
tion which is thought to be much larger in overland 
than oversea transmission. Fortunately the weather 
during the fall of 1913, especially during the months of 
October and November, was of such a nature in this 
part of the continent as to make it possible to settle 
this important question. The height of the aerial at 
this station is but 85 feet, so that the nearest of the 
Great Lakes stations do not usually make themselves 
heard until after dark. Nevertheless, during a period 
of over a month in which no moisture whatever fell in 
northern Minnesota the stations at Port Arthur, VBA, 
and Duluth, WDM, were heard as early as 4:30 p. m. on 
several occasions. Subsequent comparison of weather 
reports showed that in each instance the intervening 
region had been very cloudy. In spite of the fact that 
during this period no rain fell, or even snow until about 
December 1, there was a great deal of cloudy weather 
over northern Minnesota, and hence especially close 
attention was given to the transmissivity from VBA 
and WDM. In 80 per cent of the cases of very good 
transmission from these stations to this one (9 YN) the 

receding day had been very cloudy in this region. 

he effect <a moisture on ground absorption is here 
eliminated. I am therefore onl to conclude that the 
effect of alterations of earth absorption are entirely over- 
shadowed by the larger favorable influence of preceding 
cloudiness. Incidentally these experiments showed that 
the normal day absorption on clear days in this region is 
very large. ‘This is supported by the fact that our own 
‘signals sent on a 500 meters wave with 7-amperes aerial 
current were but fairly received ‘oa before dusk in 
Minneapolis at the North Central High School with a 
100-foot aerial, whereas less than an hour later they 
were repeatedly picked up by Mr. Keith Russell on a 
70-foot aerial in Toronto. The first distance is 300 and 
the last 1,000 miles. 

It has occurred to the writer to analyze data at hand 
for the possible influence of barometric pressure on 
transmission. The weather maps corresponding to the 
days preceding the evenings of observation were examined 
and 24 were found which indicated that rather low 
barometer readings had prevailed in or near the areas 
across which transmission had been studied. Of these 
only two were found to correspond with records of bad 
transmission, while the others all corresponded to 
records of good transmission. Inasmuch as the weather 
maps do not arrive here until the day after the transmis- 
sion records are made, it is not possible for the observer 
to be prejudiced. Conclusions as to good or bad trans- 
mission were based on observations on Sayville, N. Y., 
call WSL; Arlington, Va., call NAA; Key West, NAR 
(1,800 m.); Wellfleet, Mass., WCC; San Diego, NPL; 
and the Lakes stations at Milwaukee, WME; Port 
Arthur, VBA; Duluth, WDM; Sault Ste. Marie, VBB. 
For reasons not at once et many stations on the 
Gulf of Mexico or in the Mississippi Valley are received 
here with extraordinary clearness. A good many obser- 
vations were made on signals from battleships in the 
Gulf and upon Galveston, WGV; New Orleans, WHK; 
Fort Sam Houston, WU; University, 8X A; 
Fort Leavenworth, WUYV, and others. From the west 
coast, observations were also made upon Mare Island, 
NPH; Point Arguello, NPK; and occasionally upon 
Victoria, VAK. A great many other stations might be 
mentioned as being heard here when transmission was 


unusually good. A good many vessels were reported at 
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this station, but it was not often possible to locate them 
very definitely. Finally, shunted telephone readings 
have been made on our own signals at ornsteia, Tenn., 
by Brother John Berchmanns, of Christian Brothers Col- 
lege; at St. Louis, by Mr. A.S. Blattermann at Washington 
University; at Boulder, Colo., by Mr. Strock; and by Mr. 
H.S. Sheppard at Michigan University, in connection with 
certain tests to be reported on jointly in a future paper. 
Several amateurs at points from 600 to 1,100 miles distant 
have been kind enough to make written reports on the rela- 
tive strength of our signals, among these Mr. Stockman at 
Denver, Colo., and Mr. Miller at Bushnell, Ill. 

In reference to the influence of barometric pressure it 
must be noted that areas of low barometer are always 
more or less cloudy. In order to settle this point it is nec- 
essary to consider the cases where the barometer readings 
were generally rather high over the area studied. Of 18 
cases which could be put in this class, 11 showed good 
transmission and 7 poor. But of these 11 cases of good 
transmission 4 were reported from the valley of the Mis- 
sissippi, which the author has reason to believe permits 
phenomenally good transmission, and 6 were over gener- 
ally cloudy areas. Of the 7 cases of bad transmission 
associated with rather high barometer, 5 were over very 
cloudy areas. The writer does not consider this evidence 
conclusive, but it might mean that high barometer is 
unfavorable to transmission. Clear-cut cases for long 
distances are not easy to find for either the high or the low 
barometer classes. 

On the whole it seems as if the presence of clouds is the 
controlling factor, modified somewhat perhaps by baro- 
metric conditions. Bearing this in mind, it seemed worth 
while to attempt to find out whether cloudiness would be 
most beneficial at the sender or at the receiver. Accord- 
ingly the evenings of observation were divided as follows: 


Transmission. 
Weather conditions. 
Good. | Bad. 
1. Senders and receiver both in cloudy area................-.......--- 19 4 
2. Senders and receiver both in clear area.................-..--------- 7 6 


From this analysis it seems that few cases of good trans- 
mission are reported when both stations have been in the 
clear area preceding the night of observation and about 
the same indifferent result is seen when the sender only 
has been in the clear. On the other hand, when the 
sender but not the receiver has been in the cloudy, the 
ratio of good to bad transmissions is about the same as 
when the cloudiness has been quite general. This ratio 
is 5:1 in favor of good transmission. Cloudiness in that 
portion of the area of transmission near the sender is evi- 
dently of the most importance in favoring transmission. . 
This should have an important influence on the formation 
of any theory which will take account of the variations 
of nocturnal transmission as a function of the weather of 
the preceding day. 

It seems to the writer that the most serious attempt to 
correlate fact and theory in transmission 
problems has been made by Dr. Eccles in the two papers 
previously mentioned. As he points out, the hypothesis 
of an upper layer of ionized air was suggested by Ileavi- 
side in 1900, and the idea of the production of such ioniza- 
tion by bombardment of cosmic dust has been advanced 
by Dr. W. J. Humphreys * to account for the fact that 


3 W. J. Humphreys, Astrophysical journal, May, 1912. 
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according to the researches of Newcomb, Yntema, Camp- 
bell, and Abbot, there is received from the sky a total 
amount of a which exceeds the total light from the 
stars. Dr. Eccles seems to prefer, however, the hypoth- 
esis of Prof. Schuster‘ put forward to justify his theory 
of the diurnal variations of terrestrial magnetism. This 
would mean a gradual increase in ionization and hence in 
conductivity with the height, but on the whole a degree 
of ionization which would create a very great absorption. 
He points out that a very much smaller degree of ioniza- 
tion would’ suffice to explain some of the phenomena of 
radio transmission. 

the equations of the electromagnetic wave in free 
na be modified by the addition of a term representing 
the ionic convection current in the path of the wave, 
there results an expression for the wave velocity which 
exceeds that of light in free space. A better way of 
stating this is perhaps to say that the refractive index 
of ionized air would be less than unity, just as in the case 
of thin films of some metals whose refractive indices 
may be much less than unily for light rays. The effect 
of a refractive index diminishing with increasing altitude 
would be to tend to bend the waves back to earth, thus 
following more or less its curvature. 

Dr. Eccles offers the very plausible suggestion in regard 
to the well-known facts of nocturnal long transmission, 
that the middle portion of the atmosphere is at night 
mainly oa -ioniak on account of the absence of sunlight, 
but that partial refractions occur at the very high per- 
manently ionized layer. This reflection would not take 
place during the day, as there would be no very sharp 
transition from ionized to un-ionized atmosphere. His 
calculations on the amount of bending of long waves 
during the daytime show that a distribution of ionization 
is possible such that these waves, at certain critical 
altitudes (ranging from 40 kilometers for a 2,000-meter 
wave to 100 kilometers for a 200-meter wave) would suffer 
a refraction so abrupt as to be equivalent to a reflection, 
thus accounting for the possibility of long-distance 
transmission being better in the daytime with long waves 
than at night. This has been occasionally reported by 
Marconi of trans-Atlantic transmission. The writer has 
taken many observations on the 1,800-meter wave of Key 
West, on Arlington at 2,500 meters, and on Sayville at 
2,800 meters, but on three occasions only, in the month 
of December, were any of them heard in the daytime at 
this station. The exception was Arlington, distant about 
1,400 miles. The signals were barely audible, and not to 
be compared in intensity with the 9 p. m. (Central time) 
time signals. The signals of these stations have always 
been received here stronger as it became later in the 
evening. The aerial at this station is, however, not 
high enough to do long-distance receiving in daylight. 

The writer does not consider that the evidence which 
has been presented in this and the preceding paper is in 
conflict with the theory of Dr. Eccles. On the other 
hand, it is in no wise to be explained by that theory, 
dealing as it does with refractions and reflections at 
relatively high altitudes. The author is inclined to accept 
the idea of a permanently ionized upper layer at great 
altitude; he is even willing to entertain the notion that 
the ionized middle region in daylight plays an important 
réle in determining the generally large day absorption, 
but he considers that the evidence here submitted can 
only be accounted for by assuming a reflection at the cloud 
level brought about by a more or less abrupt alteration 


‘ Phil. trans., A, 1907. 
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in the oe of the wave above and below this level. 
It is not the clouds themselves that reflect, as good trans- 
mission between here and the Lake district has often been 
observed on very clear nights provided that the day has 
been cloudy. It is rather caused by an electrical discon- 
tinuity which persists after the clouds which caused it 
have perhaps long disappeared. It is difficult to believe 
that the probable degree of ionization by sunlight at the 
cloud level could be sufficient to be of influence, but so 
far no other more plausible suggestion has occurred to the 
writer. If this ionization is appreciable, then the clouds 
would in daylight produce a discontinuity layer which 
might persist for some hours after sunset. By the time 
this discontinuity fades away the ionization in the whole 
intermediate region of the atmosphere will be reduced 
so that waves may reach the permanently ionized upper 
layer and be reflected by it with little absorption. us 
ood transmission will continue until the morning twi- 
ht. It naturally follows that general cloudiness would 
be beneficial in ai As far as observations taken 
at this station go, they fully agree with this. Unfor- 
tunately the day range of this station for reception of 
signals is not sufficiently great to settle this pomt defi- 
nitely. The fact that cloudiness at the sender (where 
the radiant energy would without reflection be highly 
divergent) is more beneficial than at the receiver, seems 
to lend support to this theory. The theory leaves us 
without any adequate explanation of the day absorption 
which Austin has shown to be very regular in oversea 
transmission at least. We must therefore either assume 
that the daytime ionization under the cloud level averages 
much larger than is generally assumed, or that the re 
tion is divided as follows: 

1. A portion reflected from the cloud level, and passing 
from sender to receiver as between two approximately 
parallel surfaces, and hence not following the inverse 
square law of divergence, and not heavily absorbed, 
since it travels in a feebly ionized medium. 

2. A portion entering the middle ionized region and 
refracted back toward the earth according to the theory 
of Dr. Eccles. This portion would be absorbed during 
the day, but very feebly absorbed at night. 

3. A portion passing through the middle region and 
artially reflected at the upper permanently ionized 
ayer. This would be heavily absorbed during the day 

and feebly absorbed at night. 

4. A portion which passes out into space is lost. 

It is likely that the second portion is of the most 
importance in the daytime, while the vagaries of long 
distance nocturnal transmission are due to combinations 
at the receiver of the first and third portions. Those 
rapid variations in the strength of signals (swinging) 
and the slower fluctuations (fading) so familiar to opera- 
tors in long range work may well be due to interference 
effects between these two portions. 

The rapidity with which these effects often occur 
strongly suggests the idea of a violent commotion in the 
lower levels in the wave path. 

Accordingly, daylight transmission over a clear area 
would be carried on mainly by the second portion, the 
third portion being heavily absorbed. Daylight trans- 
mission over a cloudy area Sg oye where cloudy at 
sender and its vicinity) would be reinforced by the first 
portion. 

Nocturnal transmission following clear days would be 
carried on by the second portion reinforced by the third, 
both portions being feebly absorbed. Nocturnal trans- 
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mission following cloudiness would in general be carried 
on by all three portions, but the evidence here presented 
suggests that the first portion, added to the third, both 
foebly absorbed, is of great importance. 

Since completing this paper the writer has read an 
interesting account by Nipher, in the Proceedings of the 
Saint Louis Academy of Sciences, 1913, of local magnetic 
storms whose origin he believes to have traced to the 
influence of clouds. He finds also a period of magnetic 
disturbances coinciding with the well-known twilight 
fluctuations in radiotransmission. Prof. Nipher suggests 
a variation in the ionization of the lower levels cubend by 
variations in the sunlight as the nature of this influence. 
There seems to be an intimate connection between these 
phenomena and the variations in radiotransmission. 
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MATERIAL. 


The first step in the discussion was to collect the records 
of the Campbell-Stokes sunshine recorders for those 
days of 1912 which yielded well-defined traces. These 
were compared with the records for the same localities on 
corresponding days of average or normal os the best 
years immediately preceding 1912 were chosen as these 
standards of comparison. Of course there had been 
considerable variations in judgment of what constituted 
the beginning of the daily record-trace, in exposures and 
in instrumental peculiarities among so many contributing 
institutions. Particular difficulty arose in endeavoring 
to estimate the effects of low-lying haze and fog upon the 
Italian records. Eventually, however, the comparisons 


First PHASE. SECOND PHASE. 
tude. 
1 2 3 4 5 6 7 
West. 1912. 1912. 
ter June 15...... 

10 0| June23........... Yes; end of July ...... | July 22; July 28....... 
BE | BOVIS... 9 10 | June27........... = | Absent ........... 
13. June 24-27 Yes; like late summer.| July 26............ July 26; Aug. 1........ , Like July 10...... 
21 O1 | June 26........... July 26, after gaps..... Yeu; Aug. 1...) 2............ July 26-Oct.1..... 


MAURER & DORNO ON THE PROGRESS AND GEO- 
GRAPHICAL DISTRIBUTION OF THE ATMOSPHERIC- 
OPTICAL DISTURBANCE OF 1912-13.' 


In January, 1913, Prof. J. Maurer of Zurich sent out, 
in his capacity as chairman of the Solar Radiation Com- 
mission of the International Meteorological Committee, 
a circular letter? requesting the meteorological institutes 
and bureaus of the world to compile and send to his 
commission complete details of observations that would 
help the study of the great atmospheric opacity which 
appeared over the Northern Hemisphere in 1912. A large 
amount of material was received in response to that 
request, and was placed in the hands of Maurer (Zurich) 
and C. Dorno (Davos) for discussion. The following para- 
graphs attempt to summarize the results as presented by 
the two authors in the paper first cited. 


1 Summarized from: Maurer, J., & Dorno, C. Uber den Verlauf und die h- 
ische Verbreitung der atmosphirisch-optischen Stérung, 1912-13. Met’ Zischr., 


Braunschweig, Feb. 1914, 31. Jhrg, pp. 49-62. 
2 See Meteorologische Zeitschrift, Braunschweig, Februar, 1913, 80. Jhrg, p. 92. 


yielded a quantity of differences in the times of beginning 
of each day’s record for 1912 as compared with the cor- 
responding data for average years. These differences 
were then carefully reworked graphically by Dorno. 
Then the actinometric and polarization observations 
were gone over in an equally careful, critical manner. 
The actinometer records were studied by comparing the 
daily maxima throughout 1912 with the average maxima 
for corresponding days and the resulting differences were 
plotted. In the polarization records the maximum and 
the minimum values of the antisolar distance of Arago’s 
Point for 1912 were similarly compared with the average 
values for normal years. Finally all manuscripts and ab 
lished notes on the sky were carefully compared with the 
plotted curves; the curves obtained from the sunshine 
recorders were supplemented by those from the photo- 
reece station at Tetschen and by the curves from 
practically all the actinometric and polarimetric observa- 


tories of the world. In all 36 such curves were prepared 
and studied; selections from them are reproduced as 
figure 1 of the article noticed, but must be omitted here. 


| 
| 


ApRIL, 1914. 
RESULTS OF COMPARISONS. 


The results of the whole study are succinctly presented 
in Table 1. This list of phenomena includes, however, 
only those that may with certainty be ascribed to the 
oom of Katmai volcano. So far as the incomplete 
and variable character of the material permitted, the 
phenomena have been correlated and arranged to show 
the sequence of events and the different phases. It was 
often difficult to properly distinguish the different phases 
because of locally veiling influences, and also owing to 
the discontinuous character of the high, bright clouds 
which formed the principal characteristic of the phenom- 
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above North America. Their arrival above Europe was 
well observed at Heidelberg on June 20-21, at the obser- 
vatory on the Zugspitze (lat. 47° 25’ N., long. 10° 59’ E., 
alt. 2964 m.) on June 22, and at Zurich on the 23d. At 
their front they were so delicate that the Campbell- 
Stokes recorders were not affected until greater thick- 
nesses of the haze began arriving several days later. 
Column 2 of the table shows the dates of arrival of the 
advancing front, and the maximum of the first phase is 
shown in column 3. 

Second phase.—The second wave of the phenomenon 
appeared over the northern Pacific coast of the United 
States on June 18. On June 21 it reached Mount Wil- 


enon. However, it seems wars to distinguish five 


phases in the development of the disturbance. 


son in southern California, thus indicating that it was 
spreading farther south than did the first phase. Again 


THIRD PHASE. FourtTH PHASE. 
CLEARING Orr. New 

Principal Principal 

Arrival Maximum. all Arrival. Maximum. maximum. g 

8 9 10 ll 12 18 4 15 EI 

Aug. 15, absent in part..| Sept. 5.........-...... (?) Sept. 15........... Sept. 15........... BIB. 19 
Sept. 29........... Sept. ug. 2-22......... Oct. 5—-Nov. 4....... Nov. 4, Nov. 26, etc.) 22 
s Not recognizable. .| Not recognizable..| Not recognizable ot ..| Not recognizable. ... = 
Increasing Sept. 1-30. Sept. Aug. Sept. 62 1-812 change, slight”) 25 
Aug. 23-Sept. 8......... Sept. 232222222277 Sept. Clear, Sept. 30....... effect. 26 


First phase—Immediately succeeding the first eruption 
of Katmai on June 6, 1912, the sea was pumice-covered 
in the vicinity of the volcano, there occurred an ash fall 
of 30 cm. depth even to a distance of 150 km. (93 mis.), 
and traces of ash fell at 1,500 km. (932 mis.). Corroding 
sulphuric acid in the air acy oes vegetation at a dis- 
tance of 700 km. (435 mis.) and was still perceptible at 
1,400 km. (870 mis.). 

An unusual haze due to large numbers of condensation 
nuclei floating at low and intermediate levels was observed 
at Madison, Wis., on June 9 and 10, at Helena, Mont., and 
at Washington, D.C., on the 10th. As early as June 8, 
Madison, Wis., observed and described a very high cloud 
of vapor traveling rapidly eastward and having all the 
characteristics of the cloud later more generally observed ; 
but it was broken up like a dissolving jet or stream and 
had not yet taken on its more compact form. Thus it 
appears the high, bright clouds were formed immediately 
upon the first eruption, and they best enable us to follow 
the course of the optical disturbance in its characteris- 
tically WNW-ESE movement. The velocity of the 
clouds agreed with the observed wind velocities prevailing 


its first character was that of very delicate, bright high 
vapor clouds barely able to exert any noticeable influence 
upon insolation intensities, and it was not until 8 or 10 
days later that this element was strongly affected. The 
wave was characterized by a double crest of but a few 
days’ interval, the second crest being higher [that is, the 
cloud was denser] than the first. 

Third phase.—The third phase, represented by the data 
collected in columns 8, 9, and 10 of Table 1, might be 
regarded as the result of superposing phases 1 and 2. 
The striking peak in the curves for Iceland and many 
other localities might be said to point to a new eruption 
if one is disinclined to assume that upper air currents 
had drifted the masses together and just in this direc- 
tion. Localities that are least subject to disturbing 
weather conditions have their principal maximum 
— this phase instead of the first phase, as did other 

aces. 

Fourth phase.-—Many stations reported that there were 
signs of a clearing off in progress during the days just 
revious to the dates entered in column 11. Tha disso- 


ution of the high, bright clouds seemed to be well ad- 
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vanced when they were reinforced by the eruption of 
August 19 [9]. 

sharp drop in the various curves marks the appear- 
ance of this new cloudy condensation whose effects con- 
tinued until mid-October. The time of its final disap- 
see depends upon the longitude of the respective 
ocalities. 

Actinometric and optical observations show that a 
strongly absorptive foreign stratum persisted for some 
time after even mid-October. It thus becomes necessary 
when considering the phenomenon as a whole to distin- 
guish between the visible, high, bright, cloudy condensa- 
tion of hygroscopic origin at altitudes between 10 and 12 
km., and the invisible absorbing stratum which consisted 
of the finest volcanic dust driven farther up into strato- 
sphere levels which are less favorable to the hygroscopic 
growth of cirrus-like clouds. 

The Campbell-Stokes sunshine recorders seem to have 
clearly demonstrated their general reliability, at any 
rate, in so far as the principal features of this disturbance 
were concerned. 


Extent and intensity of the disturbance. 


It appears that the disturbance of 1912-13 scarcely 
attained latitudes as high as 80° N. in Greenland, or as 
low as the Azores in about 40° N., where the Horse Lati- 
tudes seem to have called a sharp halt to the spreading 
cloud. It seems certain that in longitude the disturbance 
extended as far as central and northern Asia after cross- 
ing Europe. Reports from India leave us in doubt as to 
its further eastward extension, but the low intensities at 
Mount Wilson August 10-20, 1912, keep this question 
open. Additional reports from Batavia, Australia, Ar- 
gentine Republic, and Chile show definitely that there 
was no general cosmic disturbance affecting the whole 
globe. So far as it is possible to correlate and compare 
the vatious measurements of decreased insolation, they 
agree with the general characters of the disturbance as 
outlined above. The intensity of insolation suffered least 
at such marginal points as Mount Wilson, Cal., and Bas- 
sour, Egypt, while the greatest weakening lay near the 
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axis of the ‘‘shadow”’ as at Hifringe, Sweden, and Pots- 
dam-Berlin, Germany. 


WAS KATMAI ALONE RESPONSIBLE ¢ 


As has just been noted, there is no evidence of any 
eneral cosmic disturbance such as must have affected 
oth hemispheres. 

It appears certain that there were disturbances pre- 
ceding the outbreak of Katmai on June 6. Stations in 
Egypt, Athens, Hungary, Poland, and Hifringe, all lying 
within narrow longitudinal limits, report disturbances 
between May 31 and June 6, which lag, weaken, and grow 
shorter from the south northward. Tt seems possible to 
trace small forerunners of this wholly independent pre- 
Katmai disturbance in the reports from Vienna, Tet- 
schen, Potsdam, Toggenburg (Switzerland), Fiume, Pavia, 
etc., but it seems SPeinakis not to give these hints too 
much weight. Some eruption in the Philippines at about 
this time, though reported subsequently, may here fur- 
nish an underlying cause. Stellar photometric work at 
the Vienna Astronomical Obsevatory was seriously inter- 
rupted during the period June 6-12, 1912, and this is 
certainly to be correlated with those eruptions. 


CONDITIONS IN 


Dorno’s extensive Davos observations on sky polar- 
ization, twilight phenomena and Bishop’s Ring, show 
plainly that the more pronounced disturbance endured 
through January, 1913. He found no distinct recovery 
of normal insolation intensities at Davos until February 
9, 1913. Sky-light polarization, twilight phenomena, 
and notably the frequent glorious purple afterglows of 
November and December, 1913, occurrences of Bishop’s 
Ring, and of peculiar glares about the sun, showed that 
- itions were not yet normal over Europe at the close 
of 1913. 

These conditions emphasize the necessity for compil- 


ing and transmitting to the Solar Radiation Commission - 
u 


reports to the close of 1913, and for continued careful 
observations through 1914.—{e. A., jr.] 


| 

| 

| 
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SECTION II.—GENERAL METEOROLOGY. 


METEOROLOGICAL OBSERVATIONS IN CONNECTION 
GEOGRAPHY, AGRICULTURE, AND 
RESTRY. 


[Read before the Botanical Society of Washington, April 7, 1914.] 
By Rapwaet Zon, Chief of Forest Investigations, 
[Dated, U. 8. Forest Service, Washington, May 10, 1914.] 


The title of this paper is really more ambitious than its 
contents. It is far beyond one ordinary man’s power to 
prepare a comprehensive plan for meteorological obser- 
vations that would meet the needs of botanists, agricul- 
turists, and foresters, especially if this man happens to 
be only a forester. I hope, however, that these sugges- 
tions, meager as they are, may at least result in a dis- 
cussion of this important subject. 

I wish to make it entirely clear that I have no intention 
whatever to criticize the records as now collected by our 
own or any other Weather Bureau. First, present 
methods of gathering and publishing weather data are a 
result of international agreement and can not be readily 
changed to suit the needs of any one particular interest. 
Second, I am not certain that it is within the function of 
any weather bureau to work up the meteorological data 
in the manner in which they are needed by botanists, 
foresters, and agriculturists; its primary duty is to secure 
original data which can be computed in any form needed 
by students of plant life. Third, plant ecologists have 
never to my knowledge formulated any constructive plan 
for working up meteorological data that would be accept- 
able to botanists in general. If the present meteorological 
data are not exactly in the shape in which they can be 
most effectively used for interpretation of plant life, it is 
therefore not so much the fault of the meteorologists as 
the fault of the botanists themselves. 

Some criticize the weather records because they do not 
show the thermal units of heat and the actual amounts of 
humidity that plants utilize in their life processes; others 
because they do not include measurements of a number o 
physical factors which affect plant life; while still others 
consider the distribution me location of many weather 
stations to be inadequate for a proper interpretation of 
the distribution of vegetation over the country; and so on. 
But these questions refer to biology, not to climate. 
There is no doubt but that meteorological observations 
generally interpret climate from a purely meteorological 
point of view and ignore almost entirely the biological 
side. The fault, however, in my opinion, lies not so much 
in the kind and character of observations that are being 
recorded as in the manner of their classification, their 
o—_ and computing. Any broad plan for meteoro- 
ogical observations covering a large country, even when 
viewed from an entirely biological point of view, must 
necessarily confine itself to observations of such climatic 
factors as affect only the fundamental processes of the 
growth of in general, without attempting to 

rovide data for the understanding of some specific phases 
in the development of a plant. The latter must always 
be a subject of special investigation. 


Some of the criticisms directed against the present 
weather records on the ground that they do not show the 
exact amounts of heat or moisture utilized by plants do 
not seem to me well founded. For instance, it is true 
that plants do not make use of the amount of available 
heat. Even with an exact knowledge, however, of the 
absolute quantities of heat and moisture which plants 
receive in a given locality, still we would not know their 
absolute climatic requirements. Most of the introduced 
plants tend to retain in their new home their inherited 
phenological habits. It is well known that the oak and 
the beech which, in their original home in the Temperate 
Zone, normally shed their foliage in October and Novem- 
ber, on being transplanted to the island of Madeira 
continue to shed their foliage in these two months in spite 
of a climate favoring their growth during the fall. An- 
other striking example is found in our Rocky Mountain 
and Pacific coast Douglas fir. Douglas fir from the Pacific 
coast when grown in a continental climate does not with- 
stand frosts, while the Rocky Mountain form of Douglas 
fir does so no matter where it is planted. For this reason 
even most accurate measurements of heat and moisture 
would not be of any material help to us in determining 
the climatic requirements of plants, because we do not yet 
know to what extent a given species or variety of plant 
will utilize the available heat and moisture for its life 
functions. 

With our present knowledge of the requirements of the 
various species, varieties, and biological races of plants 
for heat and moisture we can only aim to compare the 
climate of a given locality with the climate of other locali- 
ties in which the same ants are growing thriftily. For 
this reason what we need at present are not meteorological 
data of absolute accuracy, but rather data that will per- 
mit of an accurate comparison between the climatic fea- 
tures that are essential to plant life in different localities. 
The combination of purely meteorological and biological 
viewpoints in classifying and computing meteorological 
observations for purposes of botany seem to me absolutely 
essential. With our present meteorological observations 
secured at the weather stations, but with a different 
method of grouping them, it is possible to secure results 
which would be of value to students of plant life. I shall 
attempt to indicate here the manner in which the original 
meteorological observations should be classified and com- 
puted in order to make them of value to biologists, and 
shall cover briefly temperature of the air, precipitation 
both in the form of rain and snow, relative humidity of 
the air, wind movement, and barometric pressure. 


Temperature of the air. 


Mean annual temperature.—It is common to charac- 
terize a given locality by its mean annual temperature. 
This temperature is, of course, important for the general 
an orientation, but has no direct bearing upon plant 

e. 

Mean seasonal temperature —Another common way of 


grouping the temperature data is by the four astronomical 
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seasons, spring, summer, autumn, and winter. This 
method by seasons is void of any significance for the 
proper understanding of plant life. It is, of course, 
ridiculous, for instance, to consider March as a spring 
month in the State of Maine when the entire vegetation is 
still in its period of rest, the ground covered with a deep 
layer of snow, and the temperature below freezing. 


Periods of growth and rest. 


Properly to understand plant life it is essential to group 
temperature data by periods of growth and rest. ——. 
each of these two periods plants react to temperature o 
the air in altogether different ways. Aside from the 
herbaceous vegetation, which during the period of rest is 
entirely hidden in the ground, trees require different 
amounts of heat during the period of rest and period of 

owth. Thus the Siberian fir (Abies divas, which 

uring its period of rest withstands with impunity the 
lowest temperatures ever recorded anywhere on _ the 
earth’s surface, in the spring has its terminal shoots killed 
at a temperature of 28.5° F. For this reason Siberian fir 
forms vast forests near the thermal pole, but is killed by 
frost in the Valley of the Rhine. It is evident that mean 
annual temperatures, or mean seasonal temperatures 
could not throw any light whatever upon phenomena o 
this character. At some experiment stations, here and 
abroad, the grouping of meteorological data by periods 
of growth is in use, but chiefly with reference to some 
definite phases of development of several of the important 
agricultural plants. Painstaking computations of such 
observations is time consuming; it would be a difficult 
task to attempt to secure them for most plants. Even if 
it were possible to obtain such observations they would 
not provide a common, reliable basis for comparing the 
climatic features essential to plant life in different locali- 
ties. Thus, the observations upon the temperature data 
of any given locality should be computed not merely by 
the period of rest and growth of one or several cultivated 
plants, but by the general periods of rest and growth of 
the native vegetation of the locality. In each locality it 
is possible to determine some climatic features which are 
especially characteristic and important for the entire 
natural vegetation of the region. These fundamental 
characteristics of a given local climate are also of impor- 
tance for the cultivated plants within the region. 

If we exclude the climate of the Arctic region, which, 
within the United States, is found only at high elevations 
within the Alpine zone of the Rocky ae Cascades, 
and Sierras, and in the Appalachian range in the North- 
east, and excluding also the subtropical region which 
is confined to Florida, southern California, Arizona, 
New Mexico, and areas in close proximity to the Gulf, 
then we find that most of this country lies within the 
temperate region of the globe. The temperature records 
of this temperate region of the United States not reduced 
to sea level, should be separately computed on the basis 
of the local normal monthly mean for the cold period, or 
period of rest, and the moderate period, or period of 
growth, and in some localities also for a third period, 
the hot period. The cold period should include, accord- 
ing to Képpen, all months having a normal mean tem- 
perature of 48° F.or less; this embraces the period of more 
or less complete rest of the majority of plants of the 
Temperate Zone. In the period of growth, or moderate 
period, should be ieededed all months having a normal 
monthly temperature of from 49° to 72°F. This last pe- 
riod in the Temperate Zone is that of most active growth 
and of the ripening of fruits of all kinds. The third, or 
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hot period, in temperate latitudes should embrace months 
with a normal average temperature of more than 72° F. 
Where there is a lack of precipitation or irrigation, 
this means the period of summer rest; when there is a 
sufficient amount of precipitation, the period of ripening 
of southern fruits; and when there is an abundance of 
moisture, the period of subtropical growth. 

The division into periods of growth and rest in the 
Arctic and subtropical regions must probably be made on 
a somewhat different basis than the division in the 
temperate region. The cold period in the Arctic region 
continues practically the entire year, and whatever 
growth takes place must occur at temperatures at which 
most of the vegetation in the temperate region is still ina 
dormant stage. The Arctic and true Alpine plants 
require for their development a very small amount of 
heat, but demand invariably a long period of rest, the 
lack of which is more harmful to them than anything 
else. In the subtropical region the plants as a rule are 
entirely indifferent to surplus of summer heat, but 
require during the vegetative period a certain amount of 
moisture, and during the cold period do not withstand 
any great fall of temperature. 

The duration of the three different periods—cold, 
moderate, and hot—must be determined for each locality 
or region on the basis of normal mean monthly tempera- 
tures, not reduced to sea level. The climate of the 
United States in this respect is well enough known to make 
it entirely possible to prepare a map in which the localities 
that are of agricultural importance and having the same 
duration of these different periods could be grouped. 
The preparation of such a map for our mountain regions 
is yet hardly possible, at least with any degree of accu- 
racy, although some attempt may be made even on the 
basis of our still inadequate information. The map 
(fig. 1) here presented has been prepared in accordance 
with the foregoing plan, and represents the first attempt 
of its kind. The periods of growth and rest shown in the 
map are based on the mean monthly temperatures for 
685 stations given in Bulletin Q of the U. S. Weather 
nue “Climatology of the United States,” by A. J. 

enry. 

Thus the monthly mean temperatures, if grouped by 
periods of actual plant activities, are of importance not 
only to meteorologists, but also to botanists. Their 
reduction, however, to sea level, which is practiced by 
meteorologists in their maps for certain studies, is ex- 
tremely inadvisable for purposes of studying plant life. 

In addition to the monthly mean temperatures, the 
average temperatures by periods of ten days (decades) 
are also desirable. In any locality such averages are 
useful to botanists only during certain months; in 
temperate regions chiefly at the end and at the begin- 
ning of the growth period; and in the more southern 
latitudes during the entire cold period. Since, however, 
in different localities the 10-day periods are important 
for different months of the year, an attempt should be 
made to give the means for all 36 decades of the year. 
The pentads of Dove are appropriate for more intensive 
studies. 

Aside from the monthly mean temperatures and mean 
temperatures for periods of 10 days, it is also of im- 
portance to have information about the mean temper- 
atures for the period the ground is covered with snow 
and for the period when the ground is bare. The pro- 
tective value of snow against injury from low temper- 
atures to herbaceous and low arborescent vegetation, 
especially winter crops, is well known. The depth of 
the snow cover is often the determining factor in the 
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distribution of some of our trees. A species when 
planted north of its natural range, may grow at first 
very thriftily and withstand winters without injury as 
long as it is covered with snow. As soon, however, as 
its terminal shoots begin to rise above the snow line they 
are invariably killed. Those which sprout prolifically 
from the stump renew themselves every year by means 
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were, practically a new climate. Biologically it is very 
important to know the characteristic features of the 
climates that are brought to a given locality by winds 
from outside. For this purpose it is not enough to 
know only the direction and the velocity of the prevail- 
ing winds, but also their temperature and humidity. 
Thus it is essential, aside from general monthly mean 
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Fig. 1. Vegetal regions of the United im, noe g on periods of growth 


n States,” by Prof. A. 


of root suckers, and often produce flowers, thus becoming 
low shrubs. 

Closely associated with the effect of temperature upon 
plant growth is the effect of the wind. If there were no 
winds and air currents, every locality would have its 
own climate. Winds, however, depending upon the 


direction from which they come, give the locality, as it 


and rest deduced from the mean monthly temperatures for 685 stations as given in ‘Climatology of the 
J. Henry, Washington, 1906, Weather Bureau bulletin “Q.” 


temperatures, to compute also the mean temperature 
for each period during which certain winds prevail. 
It is not necessary to compute this mean temperature 
for each wind but only for the main prevailing winds, 
since, in regard to their effect upon vegetation, winds 
from several directions may be grouped together, such 
as southerly winds, easterly, etc. 
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TABLE 1.—Temperature of the air by periods of rest and growth.' 


For For 

Aver- da. For days , days For For For 

Month age with ae days | with | with the the the 

[snow “4 on ho day 10. day 
ature. snow. | er erly ys. ys. ys. 

ground. win winds. 

Period of rest. °F, °F. oF, °F. °F, oF. oF, oF. 
November......... 34.5 40.6 30.0 34.7 34.0 39.7 34.5 29.5 
ecember......... 31.8 34.0 31.6 32.4 28.6 39.7 26.4 29.5 
A 17 aaa 28.0 28.2 27.9 31.8 31.3 21.9 
26.4 25.9 26.4 30.7 24.1 24.8 
a _ eee 30.4 29.1 30.6 30.2 28.8 32.0 
Me cigbnacocouee 47.3 48.4 46.8 49.6 42.6 48.2 48.6 45.5 

Average for 
the __rest- 

period..... 33.1 39.0 31.5 34.5 
57.4 52.2 52.9 54.0 55.8 
62.6 60.4 58.6 60.8 64.0 
69.3 60.3 60.1 66.2 66.7 
67.6 60.4 62.6 64.4 64.9 
58.8 51.1 54.1 61.9 48.7 
49.5 47.7 51.3 50. 2 44.6 


1 These records, while they were actually made, are given here not as a characteristic 
of the region in which they were collected, but merely for the sake of illustrating the 
method of arranging weather data. This holds true for all the other tables included in 
the statement. 

Absolute daily maximum and minimum temperatures.— 
The absolute maximum and minimum temperatures of 
the air should be computed separately for days with no 
snow on the ground and again for days with a snow cover, 
since the effect of minimum and maximum temperatures 
upon plants is very different when the ground is bare and 
when the ground 1s covered with snow. Maximum tem- 
peratures while the snow is still on the ground are too 
early and undesirable, because they may force the plant 
to vegetative activity before the real warm weather has 
come. 

Mean daily maxima and minima.—Since for the plants 
the occurrence and duration of the maximum and mini- 
mum temperatures are of more importance than the brief 
absolute maximum and minimum temperatures, it is 
desirable to compute also the mean of the daily maxima 
and minima for the month and also the maxima and 
minima of the daily means. The minimum of the daily 
means should be shown separately for days with snow 
on the ground and for days without snow. 


TaBLe 2.— Temperature of the air by periods of rest and growth. 


\ 
Absolute maxi- Absolute mini- oe 
mum. ean mum. y 
| Maxi- Mean means. 
Month. “oo mum of of daily 
_ For For rane daily For For min- With 
days | days ima. | means. days | days | ima. no |With 
with no} with withno;| with anow.|anow 
snow. | snow. snow. | snow. 
Period ofrest.| op | op | oF, | | oF. | °F. | °F. | °F.) °F. 
November..... 64.2 42.3 39.6 53.4 33.8 14.0 30.2 | 37.4] 21.4 
55.4 35.8 46.8 30.9 14.0 27.7 | 34.0] 18.1 
48.2 31.5 11.3 18.5 
44.8 31.3 12.6 18.5 
eee 69.4 68.5 56.5 57.9 32.0 31.1 39.4 | 39.0} 33.1 
Average for 
the _rest- 
period..... 69.4 68.5 38.3 57.9 30.9 11.3 28.2 | 34.0} 18.1 
Period of growth. 
69.1 68.4 §3.1 | 53.1 }...... 
72.5 71.8 67.7 | 52.9 |...... 
August........ 72.0 71.4 57.4 | 53.2 
September..... 61.9 67.8 49.3 | 46.0 |...... 
tober....... 56.3) 56.59 32.0/........ 41.9 | 40.6 |...... 
Average for 
the gro - 
period..... 65.7 71.8 50.9 | 40.6 |...... 
Average for 
a 82.8 68.5 52.0 71.8 30.9 11.3 39.6 34.0 | 18.1 
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Range of temperature.—For plant life the range of the 
temperature of the air during 24 hours and during more 
prolonged periods is of great importance. The effect of 
temperature fluctuation upon plants is well known. Thus 
a uniformly severe winter will have an injurious effect 
upon plants adapted to a given climate only when the 
preceding summer was short or not sufficiently warm or 
too humid, and the shoots have not had time to ripen. 
The most injurious winters are not the severest winters, 
but winters which are characterized by the least stability 
of temperature, by rapid changes from thaws to low 
temperatures. The effect of fluctuations of temperature 
has been proven by Heppert’s laboratory experiments. 
Thus Poa annua, Senecio vulgaris, Capsella bursa pastoris, 
and others withstood with impunity long snowless freezes 
with temperature as low as 14° F. and some even as low 
as 5° F. After several brief thaws, however, they all 
perished at a temperature of 24.8° F. The expression 
“absolute monthly range’? may serve only for general 
orientation, and has no direct bearing upon plant life, 
since sufficient time may intervene between the occurrence 
of the maximum and minimum to permit of a gradual 
change in temperature. For plant life the mean daily 
range, and the maximum and minimum of the individual 
daily ranges, therefore, are of greater moment than the 
absolute monthly range. The mean monthly ranges are 
also of importance. The mean annual range is more 
important than the mean periodic range. Particularly 
instructive is a comparison of the general mean annual 
range with the mean annual range of temperatures com- 
puted separately for winds of different directions. 


TaBLe 3.—Temperature of the air by periods of rest and growth. 


| 
| Mean monthly range. 
Maxi- Mini- | 
Absolute} Mean | mumof | mum of | 
Month. monthly | daily (the mean’ the mean’ With | With 
range. | range. daily | daily | Gen- | edst- | west- 
range. range. | eral. er) erl 
winds. | winds. 
| 
| 
Period of rest } | 
| 
November.......... 50. 2 9.4 27.4 
December. ......... | 41.4 8.1 20.2 
| 36.9 6.9 19.8 
32. 2 9.0 22.1 
| 41.8 10.1 23.8 
cer 38.3 17.1 29.7 
Range for the | 
rest-period....' 58.1 10.1 29.7 
Period of growth. | | 
84.9 16.9 27.9 | 
31.0 16.0 24.8 
32.8 14.8 26.1 | 
| 14.6 25.2 | 
| 41.6 12.6 25.4 | 
14.4 23.2 
Range for the | | 
growth-period. | 50.8 | 14.8 27.9 | 
Range for the | | | 
Sn, 77.5 12.4 29.7 | 0.9 38.0 43.4 34.0 


The method suggested here of grouping the tempera- 
ture of the air will not show the actual amount of heat 
required for the development of the vegetation in a given 
locality. Its purpose is merely to furnish material for a 
more thorough comparison of climates from a biological 
and meteorological standpoint. 

In order to determine the extent to which different 
plants actually utilize the heat, it is necessary to resort 
to another method. A number of attempts have been 
made to secure this information by computing tempera- 
ture and other meteorological records for the period of 
growth of a few of the more important agricultural crops. 
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At first glance such a procedure seems very expedient, 
but it is doubtful if it can yield practical results. No 
matter whether an attempt is made to compute the aver- 
age temperature for a given phase of plant development, 
or whether the positive temperatures are summed up for 
a period in the same way in which Bussengo and De 
Candolle have done it, the underlying idea is the same, 
namely, that the effect produced iy feat upon plants is 

roportionate to the amount received during the period. 

n reality there is no such direct relation. On the con- 
trary, for each phase of plant development there exists 
a definite optimum of temperature, moisture, and light 
at which the development goes on with the greatest vigor. 
When the temperature (or moisture, or light) deviates 
in one direction or the other from this optimum, the de- 
velopment slows down, and when temperature falls be- 
low a certain minimum or rises above a certain maxi- 
mum it stops entirely. The warmer the climate, the 
more frequently the temperature exceeds the optimum 
at which the plant develops best and the more often the 
plant will receive a useless and sometimes harmful surplus 
of heat. Yet by summing up temperatures or by com- 

uting the average temperature for the period, this use- 
Ss or often harmful excess of heat invariably increases 
the summation or the average temperature. For this 
reason, the farther south the ee must be the sum of 
useful temperature required by the same species to go 
through a given phase in its development. This clearly 
shows, it seems to me, that neither the summation of 
positive temperatures nor the average temperatures for 
any period can indicate the actual requirements of plants 
for heat; and most botanists since the time of Grisenbach 
have given up summation of temperatures. 

Bussengo and De Candolle probably would not have 
suggested this method of summation if they had known 
about the existence of optimum temperatures for the 
development of each plant, as determined later by Sachs. 
There are also some other indications which confirm the 
fact that plants do not react to heat as simple engines. 
Thus, for instance, the dormant roots of the lily of the 
valley, or the dormant branches of cherry were found, 
when starting growth next spring at the same tempera- 
ture, to require less time for their development the later 
their growth had been interrupted in the autum, notwith- 
standing the fact that in these dormant organs before the 
interruption of their growth no changes had taken place 
which could be detected macroscopically or microscop- 
ically. Furthermore, not only different species and varie- 
ties, but even different biological races of the same 
variety which morphologically do not differ one from 
another, require for their development very different 
amounts of heat. In such cases it would be necessary 
to compute separately the average temperatures for 
various periods of development, to sum up the tempera- 
tures not only for each species, but even for each of its 
races, which is a practical impossibility. All this tends 
to show how qaseliable and of how little practical value 
to the biologist is the method of computing average tem- 
peratures, or the summing up of temperatures, for different 
species of plants separately. 


Groups of days with a definite temperature. 


The relation of plants to heat is expressed not in the 
absolute amount of heat required by them, but in a 
certain combination of time and heat. At its optimum 
of temperature each plant requires a definite number of 
days in order to complete a given phase of its develop- 
ment. Any deviation from the optimum in one or 
another direction will lengthen this period. 
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Gardeners have learned, in an empirical way, how to 
manipulate temperatures in hothouses for forcing plants 
to complete a certain phase of development within a 
given time. They do not resort to summation of tem- 
peratures, but distinguish groups of days with a given 
range of temperature. Each group of days may embrace 
temperatures of five consecutive degrees. Fluctuation of 
temperature within these five degrees is of little conse- 
They watch carefully, however, to see that the 
temperatures during a definite number of days do not 
fall to the level of the temperature of the atte of days 
preceding it, or rise to the temperature of the group of 
days that is to follow it. Instead of summation of tem- 
peratures, this method seems to me preferable. Groups 
of days with definite temperatures can be readily com- | 
puted separately for individual species; also, the entire 
Me may be divided into such groups, as shown in 

able 4. 

The division of the entire year into groups of days with 
different temperatures is not a new idea. Many botan- 
ists have adopted such a division. Thus, following the 
scheme suggested for climatology by the 
K6ppen, some botanists distinguish: freezing days with 
average temperatures of 32° F. or less, cold days with 
average temperatures up to 50°, moderate days with aver- 
age temperatures up to 68°, hot days with average tem- 
peratures above 68°, and hot days with moderate nights 
when the minimum temperature is about 50°. Such 
grouping, however, is too large and schematic. The 
method used by the gardeners seems to me more practi- 
cal, and with modifications can be adapted to meet such 
conditions as exist outside of a greenhouse. 

The following simpler classification is here suggested: 

1. Freezing days, with a daily average of 32° F. or less. 
These are further subdivided into: 

(a) Freezing days without thawing. 

(6) Freezing days with thawing. 

2. Cold days, with an average daily temperature rang- 
ing from 32° to 40° F. This group should be further 
divided into: 

(a) Days with frost. 

(b) Days without frost. 

3. Cool days, with an average daily temperature from 
40.1° to 50° This group should be divided into: 

(a) Days with frost. 

(b) Days without frost. 

Cool days with frost are more dangerous than cold da 
with frost and occur in localities where the mean daily 
range of temperature is great. 

Days with frost are thus divided into three groups: (1) 
Freezing days with and without prvi « (2) Cold. days 
with and without frost, (3) Cool days with frost. Durin 
the cool days of the _ plants prepare for the perio 
of ee when the germination of seed takes place 
and the buds of the hardier species open. 

4. Moderate days with an average daily temperature 
from 50° to 59° F. These are days of moderate growth. 
For the four groups of days so far established (freezing 
days, cold days, cool days, and moderate days) it is de- 
sirable to note the temperature separately for the days 
the ground is covered with snow and for days without 
any snow cover. 

5. Warm days with an average daily temperature from 
59° to 72°. ‘These are the days of most vigorous growth 


and the ripening of fruits in the temperate altitudes and 
latitudes. For most of the plants of the Temperate Zone 
this is the most important group of days. 

6. Hot days with an average daily temperature above 
72°. In localities where hot days occur comparatively 
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often, especially when there is a distinct hot period, the 
hot days must be further subdivided into three groups, 
not so much, however, on the basis of temperature as on 


the basis of their en 
_ (a) Dry hot days, which act depressingly upon vegeta- 
tion. 
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Therefore, in 
localities where the physical quality varies within short 
distances, it is essential to have an additional set of ther- 
mometers to bring out the effect of this difference. It 
may be also advisable to have a set of minimum and 
maximum thermometers located horizontally on the sur- 


TaBLE 4.—Days having specific air temperatures, by periods of rest and growth. 


Number 
Number of freezing days. Number of cold days. Number of cool days. of —» 
ays. 
a 
Month Without thaw. | With thaw. With frost. Without frost. | With frost. | Without frost. Warm) Hot | wi 

‘ days. | days. | mod- 
With | with- strate 
With | | With | witn- With | wien. | With | wien | With | witn-| With | with-] on the | oUt 

on the on the on the on the on the on the ground. 

ground * |ground. |zrouna. ground. * Iground. * | ground. 
Period of rest. 
For 41) 3; 5 32 3/ 2 4 1 it 
Period of growth. | | 
3; Ss 32 13 15 | 1 7 65 | 61} 1] 110 


(b) humid hot days, which expedite the 
ripening of southern fruits. 
. (c) Humid hot days, which produce a tropical growth 
of plants of the humid oe region. 

The total sum of days of all six groups (freezing, cold, 
cool, moderate, warm, and hot) must make 365 or 366. 


The temperature of the soil. 


The records of the temperature of the air are character- 
istic of the environment that surrounds the superterranean 
part of the plant. The other parts of the plant (the 
roots) develop in the ground under different temperature 
conditions. Observations, therefore, on the temperature 
of the soil are absolutely essential for the proper under- 
standing of plant life. This phase of observation is 
specially appropriate to agricultural and forest experi- 
ment stations. 

Topographic conditions affect the temperature of the 
soil to a more marked degree than they do the tem- 

erature of the air. Moreover, the temperature of the 
ower layers of the air is regulated by the temperature of 
the soil more than by the direct rays of the sun. The 
topography of the locality, therefore, must always be 
taken into consideration in installing soil thermometers. 
It would be advisable to install a complete set (at adepth 
of 14, 12, and 24 inches) near the station itself and in 
addition, for comparison, two or three incomplete sets 
(at a depth of 14 inches and 24 inches) under different 
topographical conditions.' Since the temperature of the 
seil depends to a large extent upon its physical structure, 
it is essential, in order to obtain comparable results, to 


1 a some instances measurements of soil tem ture at a larger number of 
depths may bedesirable. Itis believed, however, that for all purposes three depths should 
terpolation 


be sufficient. Intermediate depths can be computed very accurately by in 
three points are established. eo 


with curves on which the 


face of the soil, although it is hard to determine just what 
such thermometers do indicate—the temperature of the 
— layer of the soil or of the lower layer of the air. 

he effect of the temperature of the soil upon the devel- 
opment of plants is unquestionable. The period of rest 
of the roots is, however, less marked than that of the 
superterranean parts and in many of the more southerly 
altitudes is entirely absent. The period of rest for the 
roots is less stable than the period of rest for the super- 
terranean parts and therefore is more easily affected by 
artificial means. For this reason, the grouping of tem 
perature records of the soil on the basis of cold, moderate, 
and hot periods determined on the basis of the average 
monthly temperature of the air, is not entirely suitable. 
The lack of observations and investigations along this 
line, however, does not yet permit of suggesting any other 
grouping at present; and it may be just as well, at least 
for the present, to classify the records of temperature of 
the soil by the periods adopted for plants in general. It 
may be mentioned here that roots stand sudden fluctua- 
tions of temperature even to a less degree than the super- 
terranean parts of plants. 


OTHER METEOROLOGICAL DATA. 


I have dwelt at length upon temperature because I 
believe that the system of observations I have outlined 
in its case should be followed in computing all other 
meteorological data. The discussion of these latter, 
therefore, will be brief. 


Humidity of the air. 


In localities with a dry climate, especially where there 
is a distinct hot period, observations upon the humidity 
of the air are essential. While the absolute humidity is 


| 
| 


ApriL, 1914. 


of no direct consequence to ary its importance being 
— meteorological, the relative humidity affects them 
irectly, since it so largely determines the amount of 
transpiration. The monthly mean relative humidity 
and its minimum, and particularly the average relative 
humidity with its minimum during periods of different 
wind direction, are things important to know. In local- 
ities with a humid climate and without a distinct hot 
eriod, where fogs are frequent, observations upon the 
atter should, of course, give all the information as to 
humidity of the air necessary for the purposes of botanical 
geography.’ 
Precipitation. 


The important part which precipitation, especially 
total precipitation, plays in plant life, needs no discussion. 
The maximum precipitation for any day during the month 
and the number of days of precipitation are also impor- 
tant. Since among the latter, however, are included 
days with only traces of precipitation, the resulting data 
does not give an idea of the intensity of the precipitation 
or its frequency. For this reason it will be well to com- 
pute the number of days with considerable precipitation 
in per cent of the total number of days of observation in 
as well as specifically, for winds of different 

rection. 


Snow cover. 


Snow cover, of course, also has an important effect 
upon plant activity. Both the number of days with 
snow on the ground and the depth of the cover should be 
recorded. Since the depth of the snow varies with the 
topography, its depth should be measured at different 
places. In the valley the snow stakes should be placed, 
if practical, in an open field and in a wood lot; in the moun- 
tains on a level place and on two moderate slopes of the 
eee directions. For each month the average 

epth of the snow cover should represent only those 
days when snow was actually on the ground. In order 
to determine the effect of local topographic conditions, 
it would be well to note the averages separately for each 
snow stake. Data on the maximum and minimum of 
snow cover for each month are also essential, and it is 
very useful to have the a i of the snow separately for 
every 10 days (decade). Such detailed information con- 
cerning the snow cover is especially instructive at the 
time of its appearance and disappearance. Since it 
comes and goes in different years and in different local- 
ities at different times, however, this average depth 


should be given for all 36 decades. 
Soil moisture. 


In dry regions it is ge emg for purposes of botanical 
goosrap y to have a more detailed knowledge of the 
umidity of the soil than would ordinarily be indicated 
by the amount of rainfall and snowfall. In such places 
periodic and systematic determinations of soil humidit 
giving due consideration to local topographic and soil 
conditions are important. Unfortunately, such deter- 
minations are not only time consuming, but require a 
eat deal of judgment in the selection of soil samples. 
he amount of moisture in the soil depends upon the lat- 
ter’s physical properties, its method of cultivation, and 
so on, and can not be determined accurately at the 


3 The adoption by all weather stations and observers of a standard evaporometer would 


in a large measure, solve the a of humidity and wind-movement records and would 
furnish da y the plant bi ologists. 


ta directly usable 
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ordinary weather stations. Therefore it would be of 
great advantage to students of plant life if such deter- 
minations could be made at agricultural and forest exper- 
iment stations.° 


Sunshine. 


Light is another important factor in the development 
of plants. The amount available for plants in a given 
locality depends upon cloudiness and geographic lati- 
tude. For this reason, the average monthly cloudi- 
ness, the average cloudiness for winds of different direc- 
tions, and the number of clear, semicloudy, and cloudy 
days should be computed. Some simple sunshine 
record, especially for winds of different directions, is 
also necessary. The occurrence of days with sunshine 
should be given in per cent of the total number of obser- 
vations. 


Barometric pressure. 


Air pressure has no direct bearing upon plant life, 
except that its observation often makes it possible to 
forecast changes of importance to agriculture. 


CONCLUSION. 


In conclusion, I wish to reiterate what I said at the 
beginning, namely, that, with the exception of the 
records of soil humidity and soil temperature, the sys- 
tem of meteorological observations I have outlined can 
be carried out with the data which are regularly ob- 
tained by our weather stations. The change from 
present practice to the system I have described will 
entail, therefore, merely a different use of present data 
rather than a radical change in the plan of collection. 
The aid to botanical geography which such a change 
would give would far more than compensate, I think, 
for any inconvenience or added effort that it might 
bring about. 


TASKS AND PROBLEMS FOR METEOROLOGICAL EX- 
PLORATIONS IN THE ANTARCTIC, 


By Prof. Dr. WaHEeLM Memarpvus, Minster, Westphalia. 


[Translated by Cleveland Abbe, from Geographisshe Zeltachrift, Letpeig, 1914, 20. 
No other region on the earth has witnessed -durin 
the past decade, such advances in our knowledge o 
its meteorological conditions as has that within the 
higher southern latitudes. As Hann was closing the 
second edition of his Handbook of Climatology in 1897 
he was practically limited in material for the climate 
of the Antarctic Zone, to that collected in its seas 50 to 
60 years previously by Sir James Ross. There was no 


3 Here in the adoption of a standard apparatus seems the only means of obtaining 
desirable data for large areas and for different regions. The great difference in soils in 
different localities and the great difficulty in any one locality of obtaining consecutive 
samples of soil which are physically alike, makes it necessary that any apparatus designed 
for consistent soil-moisture determinations shall involve the plan of always measuring 
the same body of soil. The electrical resistance apparatus is good in this respect, but, 
unfortunately, is not always reliable from a mechanical standpoint. A comparatively 
simple piece of equipment has been suggested by C. G. Bates of the Fremont Forest 
experiment station. This is a porous cup which would contain the sample of soil 
whose moisture was to be determined periodically. This porous cup would fit closely 
inside a second similar cup, which would, in turn, be located at the bottom of a brass 
tube at any desired depth below the surface of the ground. To the soil cup would be 
attached a cord or rod which would extend up through the brass tube. At the top of 
the tube would be a firmly built platform, on which could be placed a sufficiently delicate 
balance for weighing the soilcup. When weighing was desired the cup would be raised 
sufficiently to clear the exterior cup attached to the beam of the balance and then 
replaced. The contents of the cup might be a sample of the local soil, a standard sand 
or soil of certain physical and mechanical properties, or a standard salt with a slight 
avidity for water. Under either plan the moisture of the contents (by absorption or 

" ulsion through por, porous walls) would always bear a certain relation to the moisture 
of the surroun 
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information available for the Antarctic mainland, whose 
areal extent is one and a half times that of Europe. 
Indeed, but 15 years ago Antarctica had not yet one 
single meteorological station, so that Hann closed his 
work with the words: ‘‘Eine, oder noch besser mehrere 
berwinterungen in hohen siidlichen Breiten wiirden 
einige der wichtigsten und interessantesten Probleme 
der wissenschaftlichen Klimatologie zu lésen imstande 
sein. Die Kenntnis der Wintertemperatur im Polar- 
gebiet einer Wasserhemisphire ist gegenwartig das 
dringendste Erfordernis unserer Wissenschaft.’ 

The desire of our greatest climatologist that there might 
be one or more winter-long expeditions to the Antarctic, 
there voiced, was soon to be fulfilled. The first winter- 
ing was in 1898-99 in the seas west of Graham Land, by 
the Belgian expedition under De Gerlache in the Belgica. 
It was not granted this expedition to establish a land 
station; caught in the floes the ship was compelled to 
drift along an unknown and unseen stretch of the Ant- 
arctic coast. Borchgrevink’s expedition to Ross Sea 
was the first to establish and maintain a land station. 
It was located at Cape Adare for almost a year in 
1899-1900. These two expeditions were the advance 

ard of a new epoch in Antarctic exploration which 

egan with the new century. It is still fresh in the 
memory and its latest victories, the extension of our 
horizon to the South Pole itself by Amundsen and Scott, 
still thrill us. I may then pass over the various stages 
of this latest activity in exploration. Germans, French, 
English, Scotch, Norwegians, Swedes, Argentinians, 
Australians, all have had a part so that this field of 
exploration is more truly international in character 
than any other on the globe. Here the fame of success 
beckons not merely to the ambitious explorer, but more 
alluringly to the investigator who would sink himself in 
study of the peculiar nature of a lonely, sea-surrounded 
icy continent never yet even brushed by any form of 
human culture. 

It is my purpose to communicate some of the meteoro- 
logical results which may be based upon the observa- 
tional material collected by the Antarctic expeditions of 
the past decennium, as wi to review the still unsolved 
problems which must spur us onward to further explora- 
tion in Antarctica. 


CHARACTER OF PREVIOUS METEOROLOGICAL OBSERVA- 
TIONS. 


We may begin by considering the character of previous 
collections of meteorological observations in our fold and 
their evaluation. (See the map, fig. 1.) 

Observations have been made at mainland stations, 
on sled journeys, on drifting floes, and recently also by 
means of kites and balloons. 

Fixed land stations.—In studying the atmosphere, sta- 
tions at fixed points are of the most value, because the 
external conditions of the surroundings remain the same. 
Such observations, when continued eonsh one or more 
years, can be used to determine seasonal contrasts and to 
ascertain averages that apply to the surroundings of the 
station. Such stations have the further advantage that 
they can be revisited by other expeditions, so that one 
may secure comparable data for various years. 

So far eight localities within the true south polar region 
have been occupied as meteorological stations of some 
duration and one of them, Adélie Land, is still main- 


Handbuch d. Klimatologie, 3d ed. Stuttgart, 1911 
v. 3, p. 677-699.—W. M. 
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tained. These stations were located as shown in Table 1 
and the map, figure 1. 


TaBLE 1.— Meteorological stations in Antarctica occupied for one or more 


years. 
Station Nationality. Lat. Long. Periods. 

West Antarctica 
Laurie Island...........- } 60° 44’ 8. | 44° 39” W. | 1903-1914 (2). 
ae arr 64° 22’ S. 57° 00’ W. | 1902-3, 
a ok French...... 65° 04’ S. 63° 42’ W. | 1904-5. 
Petermann Island....... Divincesen 65° 10’ 8. 63° 54’ W. | 1909. 

East Antarctica 
eee Norwegian 71° 18’ S. | 170° 09’ E. | 1899-1900. 
Gauss Station........... German..... 66° 02’ S 89° 38’ E. | 1902-3. 
MacMurdo Sound....... English. .... 77° 45’ S. | 160° 30’ E. 
Framheim..............- Norwegian..| 78° 38’ S. | 164° 30’ W.| 1912-13. 
| eee Australian . . 66° 30’ S 140° 00’ E. | 1912-1914 (?). 
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Fig. 1.—Location of meteorological stations within the south polar regions. 


Some of the stations listed have had branch stations 
in their vicinities for longer or shorter periods, e. g., on 
the Gaussberg, on Mount Erebus, etc. 

Thus it appears that so far the fringe only of the Ant- 
arctic continent has been occupied by fixed stations, of 
which the southernmost is Amundsen’s ‘‘Framheim’’ in 
lat. 78° 38’ S., or about 1,300 km. from the South Pole; 
Spitzbergen has a corresponding location on the Northern 

emisphere. 

Sled journeys.—Another kind of material is secured on 
the polar sled journeys, which usually have one of these 
fixed stations as their starting point. In the nature of 
things these observations can be but scattered samples of 
the atmospheric conditions along their routes. Because of 
the almost continuous change of place the individual 
observations can not be summarized and given general 
application. In general, all the elements observed vary 
with each locality, so that in utilizing meteorological 
observations made on sled journeys one must always bear 
in mind that the weather then encountered may depart 
more or less widely from the average conditions or climate 
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of the region. This fact has not always been considered, 
and the resulting hasty conclusions may readily be under- 
mined by later observations. Furthermore, sled journeys 
are usually undertaken during the polar daylight, so their 
observational material is applicable only to a certain sea- 
son of the year. However, sled journeys can furnish 
information of general value concerning the climate of 
the regions traversed by recording the depth of the snow 
and the ice covers, the orientation of the snow dunes, phe- 
nomena of melting, and such features. In this way they 
are always very important aids to our knowledge in case 
other means fail. 

Sled journeys of major significance have been limited 
to the eastern portion of Antarctica. The trips in Vic- 
toria Land made by the English expetinnan seeking the 
magnetic South Pole are specially noteworthy We 
would not omit to mention the poleward trips associated 
with the names of Scott, Shackleton, and Amundsen. 

Floe-drift journeys.—A third class of observations re- 
sult from expeditions compelled to drift in the ice floes. 
The usefulness of such material is intermediate between 
that of the fixed stations and that from sled journeys. 
The floe-drift and the fixed station agree in that the sur- 
roundings do not materially change during the period 
of occupation, for the observation is always at the ship 
and the surroundings are always snow and ice. On the 
other hand the gradual shifting as the floe moves is sim- 
ilar to that of the changing Hr camps, although the 
former is very slow, while in the latter case rapid changes 
are specially emphasized. Accordingly the floe-drift ob- 
servations acquire more or less significance as the dura- 
tion and direction of the drift journey varies. 

The essentially floe-drift expeditions to the Antarctic 
include the Saiies expedition west of Graham Land 
in 1898-99, the Scotia expedition of 1903-1904, and the 
German Antarctic expedition of 1912 in Weddell Sea. 
Besides these a large number of other expeditions have 
been compelled to drift sometimes for months, as was the 
lot of the German South Polar Expedition from the be- 
ginning of February to the beginning of April, 1903, after 
it had left its winter quarters. 

Kite and balloon observations —Finally come the en- 
deavors to learn the nature of the higher atmospheric 
strata by means of kites and balloons. Here also the re- 
sults are mostly in the nature of isolated samples of the 
meteorologic conditions; and again it must be borne in 
mind that the observations are determined by the mo- 
mentary weather conditions, so that they do not suffice 
for general averages unless they can be repeated daily 
at the same locality. Great care must be used in basing 
general conclusions upon such material. However, this 
in no way detracts from these upper-air observations since 
they are of the greatest significance to studies of the 
momentary conditions and of weather sequence. 

Certainly one of the greatest triumphs of the German 
South Pole Expedition was Dr. Barkow’s? successful 
carrying out of 255 ascensions on 209 days during the 
floe-drift journey in Weddell Sea. A preliminary com- 
putation indicates that the highest balloon sounding 
reached an altitude of 17,200 meters [56,430 feet, or 10.7 
miles]. These series of flights furnish the first note- 
worthy data bearing on the upper-air conditions over the 
Antarctic regions, and we may well look forward expect- 
antly to the general conclusions which this first pioneer 
work shall warrant. Under other circumstances one 
must rely upon cloud observations for information bear- 
ing upon upper-air conditions, and numerous contribu- 
tions of this kind have already been made. 


* Barkow, E. Vorliiufiger Bericht iiber die meteorologischen Beobachtungen auf der 
Deutschen’ Antarktischen Expedition. Veréffentl. Preuss. meteorol. Institut. Ber- 
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NEEDS IN FUTURE EXPLORATION. 


In general, it is clear from the re that future 
expeditions to the Antarctic will best further the study 
of its climatology if they establish long-lived fixed sta- 
tions which shall be located as far inland as possible. It 
seems that the establishment of subsidiary stations is also 
very useful, since they aid in determining the extent of 
local conditions. Of course such expeditions will also 
arrange for simultaneous kite and balloon flights. We 
may well hope that the modern and future development 
of aeronautics will also contribute to the exploration of 
the South Polar regions. 


METEOROLOGICAL CONDITIONS AND PROBLEMS OF ANT- 
ARCTICA. 


Previous observations on the atmospheric conditions 
of the Antarctic continent have revealed many unex- 
pected problems. Foremost among these is the element 
‘Temperature’ which directly or indirectly sets its 
stamp upon the country. 


Summer temperature. 


The low summer temperature is the most important 
characteristic of the South Polar temperature distribu- 
tion. The average temperature of the warmest month, 
December or January, is below 0° C. almost everywhere 
along the borders of the Antarctic mainland. The only 
exception to this is the west coast of Graham Land, where 
the French expedition found a mean January temperature 
of 1° C. in latitude 65° S.; and this is offset by a mean 
January temperature of only —0.9°C., found by the Swed- 
ish expedition on the east coast of the same land in lati- 
tude 64° 30’ S. If one computes the average January 
temperatures for the latitude circles it appears that the 
isotherm for 0° C. almost coincides with the Antarctic 
Circle (lat. 66° 30’ S.). The region bound by this curve 
has an areal extent of 21,000,000 square kilometers, more 
than double the extent of Europe [or of Australia, and 
about half that of the Americas]. In spite of its favor- 
able summer insolation [perihelion summer], this exten- 
sive region stands under the sign of Jack Frost. 

The North Polar regions have far more favorable con- 
ditions. Mohn’s discussion of the observations by Nan- 
sen’s expedition in the Fram indicates a July temperature 
below 0° C. prevailing over a limited area (800,000 square 
kilometers), within the latitude of 85° N. Thus in the 
warmest month the isotherm of 0° lies but 450 kilometers 
from the pole in the north, while in the south it has an 
average distance of 2,600 kilometers from the cor- 
responding point. 

But the summer temperatures of the southern polar 
regions are not merely close to freezing; the farther pole- 
ward one goes the farther sinks the summer temperature 
below 0° C., in spite of the more favorable insolation 
conditions. So that Amundsen found the average tem- 
perature of the warmest month (December) at Framheim 
(lat. 78° 38’ S., alt. close to sea level) to be but —6.2°. 
This is a fact difficult of explanation, since the insolation 
at this high southern latitude continues uninterruptedly 
day and night through the summer months except as it 
may be decreased by the rather slight cloudiness. The 
sled journeys toward the South Pole also show altogether 
unusual low temperatures for the summer season in which 
they were made. A midsummer temperature of —50° 
C. (—58° F.) is not to be readily explained even though 
the district about the South Pole itself does lie at an 
altitude of over 3,000 meters [i. e., over 9,840 feet]. 

One of the principal problems for future expeditions 
will be to find the explanation of this low summer tem- 


| | 
| 
| | 


226 MONTHLY WEATHER REVIEW. 


perature at high southern latitudes. It may be expected 
that future upper-air investigations will aid in the solu- 
tion. 

Winter temperature. 


Another heretofore unexplained phenomenon is the 
uniformity of the winter temperature during April to 
September. The feature is most pronounced in East 
Antarctica at the English station on MacMurdo Sound. 
There the monthly temperatures remain between 24° 
and 27° C. from April to September. The annual tem- 
perature curve seems to be flattened, quite in contrast to 
its course in the Northern Hemisphere where the tem- 
perature sinks rapidly until midwinter when it imme- 
diately begins to rise again. Why is there no pronounced 
Antarctic winter month whose low temperatures distin- 
guish it sharply from its neighboring adjacent months ? 


Local temperature contrasts. 


The local differences in temperature distribution over 
the margin of Antarctica will not be discussed here. It 
must suffice to say that the east and west sides of Graham 
Land show important differences, the west side being 
warmer than the east side. This feature is primarily 
referable to the different wind conditions, and it may 
well be compared with the differences prevailing between 
the west and east coasts of Greenland. 

There is a surprising and unexplained difference be- 
tween the observations at Framheim (Amundsen) and at 
MacMurdo Sound (English). Although both localities 
are in almost the same latitude, are at sea level, and simi- 
larly located at the edge of the Ice Barrier, yet there is 
a difference of not less than 7.5° C. between the two 
annual means, Framheim being colder than MacMurdo 
Sound. Further, Framheim shows the lowest mean annual 
temperature (—25.2° C., —13.4° F., in lat. 78° 38’ S.) so 
far observed anywhere on the globe. The lowest average 
temperature observed during the Fram’s drift in the 
Arctic Ocean was —20.5° C. (—4.9° F.) for 1895 and an 
average latitude of 85° N. Some years ago the author 
computed the average annual temperature for the South 
Pole and found — 25° C., a result which will probably be 
regarded as somewhat too high. 

Does the cold pole of the Southern Hemisphere coin- 
cide with the south geographic pole? This problem 
awaits solution. Previous make it prob- 
able that the cold pole is located somewhat eccentrically, 
being shoved over toward the Indian Ocean, for the 
antarctic shores of the South Atlantic and South Indian 
Oceans are somewhat colder than those of the South 
Pacific. 

Pressure and winds. 


The more recent investigations show the sea-level pres- + 


sures and winds of West Antarctica are about what theor 
would predict. Wind conditions indicate that a troug 
or furrow of low pressure surrounds the south polar re- 
ions in latitudes 60° to 70° S., and an increasing pressure 
con those latitudes poleward. (See fig. 2.) e low- 
pressure trough or furrow, appropriately designated the 
subantarctic circumpolar barometric trough or furrow, 
is thus seen to act as an important wind divide. 
Formerly it was believed that the east winds south of 
the trough were blowing from the high-pressure area sup- 
posed to cover the antarctic lands. These east winds were 
su ppored to be of antarctic origin and to have the dry, 
cold character of winter land winds such as might blow 
from an area of continental high roe. Observations 
in these regions have not supported this view. On the con- 
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trary the east winds met with in the marginal region of 
the westerly winds are not dry and cold but moist, warm, 
and Drygalski’s German South Polar 
Expedition established this point most clearly. As the 
Gauss sailed southward from Kerguelen in February, 
1902, she was for a while in the zone of westerly winds’ 
but after crossing latitude 64° S. entered the region of 
easterly winds where she remained for over a year. Dur- 
ing this time the prevailing wind was easterly and when- 
ever these east winds showed marked increase in force 
the weather became warm and moist with copious snow- 
fall. To be sure the higher temperature of the east winds 
might be explained by assuming they are of southern 
origin and a féhn-like character; their higher humidity 
contradicted this view. The heavy precipitation char- 
acterizing these east winds is yet more discordant with 
the féhn theory. 

If these easterly winds of the Gauss station are regarded 
as cyclonic in nature their warm, moist character is 
readily and adequately explained. In this case their 
origin must lie to the north, that is in the region of the 
southern Indian Ocean. This view also harmonizes with 
the observed subantarctic trough of low pressure which 
serves as the path of the depressions that march from west 
to east about the South Polar regions. 

Of course in the barometric depressions of the Southern 
Hemisphere the air circulationisspirally clockwise. (See 
fig. 3.) Accordingly the east winds on the south side of 
these depressions must have a northern origin. They are 
coming from warmer latitudes and from the ocean, and 
their higher temperature and humidity is a natural conse- 
quence. The winter station of the Gauss was particularly 
favorable for the clear development of these features. 
No mountains, peninsulas, or other topographic features 
could disturb the air currents. The even coast of Kaiser 
Wilhelm II Land stretches from west to east and the 
Gauss station was located 90 km. north of the coast. 
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Fig. 2.—Sketch of the course of the isobars at sea level within the south B mead regions. 
The isobars are intentionally unnumbered except the curve for 740 mm., whose 
— can be plotted with some certainty by aid of past observations. The draw- 
ng is planned to present only the probable form of the isobars, considering the 
observed sea-level winds. H, high pressure; L, low pressure; arrows, average wind 
direction. 
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Most of the other Antarctic stations have had similar 
experiences with the east winds. Thus the warmest 
winds were from the northeast and north at the Swedish 
station on the east side of Graham Land, and at the 
French stations on the west side of the same. The 
Scotia had cyclonal northeast winds at the east side 
of Weddell Sea. In and about Ross Sea the conditions are 
more complicated. Here the mountains of Victoria Land, 
modify the direction and the character of the air currents 
which can not be so simply described. It must be as- 
sumed that the barometric trough which forms the divide 
between the easterly and the westerly winds, bends south- 
ward in the region of Ross Sea or that there is here a ten- 
dency to develop an independent pressure minimum. It 
then becomes clear (see fig. 2) why the southeast winds 
were the warmer at the English stations in the southern 
portion of Ross Sea. 

The distribution of pressure and winds over Weddell 
Sea show similar modifications. Mecking and Mossmann 
lind this region dominated by low pressure especially 
during the winter, so that southwest winds prevail along 
the west side and northeast winds prevail along the east 
side. The floe-drift observations on the Deutschland in 
1912 confirmed these assumptions. 

The modern explorations have thus necessitated some 
modifications of the simple scheme of pressure and wind 
distribution to bring it into accord with the continental 
outline of Antarctica. The most important fact emerging 
from these observations is that the easterly winds of the 
continental margin must be regarded as members of the 
circulation about centers of low pressure passing north of 
Antarctica. The east winds to the south of the sub- 
Antarctic circumpolar barometric trough are the neces- 
sary corollaries of the west winds to the north. A com- 
parison of the weather observed at Kerguelen and at 
Gauss station shows this. 

The international meteorological codperation of 1901- 
1904, originated by the German Antarctic expedition, 
was able to follow the course of the weather in high 
southern latitudes much more accurately than the expe- 
dition could have done alone. mn and Sendo: tl 
have drawn up synoptic weather maps for the Southern 
Hemisphere south of ‘atitude 30°, whereon one may trace 
the paths of the highs and lows across the seas surround- 
ing Antarctica. ‘The study has not yet been completed, 
but it is already possible to state that these charts con- 
firm the view which regards the marginal east winds of 
Antarctica as elements of cyclonal systems. 

The mechanics of these + Aan appear to be much 
more complicated than we have heretofore been ready to 
assume. It had been thought that in the broad zone of 
water uniting the oceans on the south the development 
and movement of the pressure system would show simpler 
features than in the northern zone of our latitudes, where 
continents and seas alternate. But in the south, also, the 
relations are complex; lows and highs undergo varying 
modifications, and their movements do not show that 
uniformity that the expedition of 1901 expected to find 
when it sailed for the south. 

A question still unanswered is as to the great constancy 
of the east winds. At the winter quarters of the Gauss 
these winds blew with a constancy almost sy that 
of the trades; rarely were they interrupted by calms or 
by westerly winds. There is undoubtedly some relation 


between the simple character of the coast line and this 
constancy of the east winds, but their dependence upon 
the advancing depressions on the north leads us to expect 
a lower degree of constancy in these winds. 
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We also need further explanation of the unusual fre- 
quency of the extremely stormy, cold southwest wind 
recorded at the Snow Hill station. As was stated above 
this wind indicates a region of low pressure over Weddell 
Sea, but it is striking that the wind is dry and cold and 
therefore can not be considered as of truly cyclonal char- 
acter. We shall return to the consideration of this wind. 


Precipitation. 


Certainly the chief characteristic of the Antarctic pre- 
cipitation is that it almost always takes the form of snow. 
Rainfalls belong to the greatest rarities. This explains 
why so little has been known as to the amount of precipi- 
tation for, as is well known, there are great difficulties in 
the way of the measurement of snowfall and particularly 
in the polar regions which are covered with loose snow. 


Fig. 3.—Circulation at sea level of a cyclone in the Southern Hemisphere. 


Previously fallen snow is whirled up by the wind, and 
even during fine, dry weather drifting snow can fill the 
gages with falls that have already been measured. Even 
when actual new snow is falling it is blown from the gage 
and but a small part is measured. Thee are, indeed, 
devices for reducing such losses at the gage but they are 


not adequate to remove the source of error. In general 
it is safer to use staff gages set up at well-selected points 
so that uniform records may be secured for driftings of 
various intensities. The readings of such staff gages cer- 
tainly yield more reliable results than those from the 
simple snow measurer, which is no other than a rain gage. 

or these reasons the previous measurements in the 
Antarctic are hardly sufficient to give an accurate idea of 
its precipitation. ‘Therefore it may be stated that one of 
the most urgent needs is a device which is adapted to 
securing records, even during an Antarctic snowstorm, 
that will permit a somewhat reliable estimate of the 
precipitation. 

The available measurements will scarcely bear discuss- 
ing; however, the following may be mentioned: When 
the east winds on the margins of Antarctica have a 
cyclonal character—i. e., are bringing moisture from 
northern latitudes—then it is very probable that they 
will bring specially heavy precipitation. Here we may 
me the analogous expectation in the North Temperate 

one that east winds on the poleward side of barometric 
depressions will bring unusually heavy precipitation. In 
Germany the heaviest snowfalls well occur with north- 
east and east winds accompanying a Low over the Medi- 
terranean to the south and a High over Scandinavia or 
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northwestern Europe. ‘The process is as follows: On 
the east side of a bs ression the southerly winds bring 
moisture northward from the warm Mediterranean re- 
gion and transfer it to the north side of the depres- 
sion. Here, at the boundary between the cyclonal and 
anticyclonal areas, cooling causes precipitation which 
generally takes the form of snow. Now docs the south- 
erly depression move in general toward western Russia 
following storm path [see Bebber, Lehrbuch der 
Meteorologie, or Milham, Meteorology, p. 301, fig. 124, or 
Bartholomew’s Physical Atlas, v. 3, pl. 28], then there de- 
velops a belt of heavy precipitation parallel with the direc- 
tion of the storm’s path. The great snowfalls of March 
15-17, 1894, over northeastern Germany and of March 
_ 9-12, 1901, associated with the extensive dust fall over 
northwestern Germany, are proofs of this process. It no 
doubt occurs also on the east coasts of Greenland and of 
North America. 

It is probable that similar conditions arise on the 
southern side of depressions moving along the margin of 
Antarctica. In this case northerly winds bring in 
moisture from the ocean to the southern side of the Low, 
and on the boundary between the Low and the High 
the moisture separates out in the form of snow. The 
snow measurements at the Gauss station indicate, in my 
opinion, that the precipitation there exceeds 800 mm. 
per year, a very heavy,fall for the low temperature pre- 
vailing there. On the western side of Graham Land, 
also, with prevailing northeast winds there occurs heavy 
precipitation under similar conditions, the measured 
annual fall at Port Charcot amounting to almost 400 mm. 
In this case the northeast winds come from the perennially 
open and warm waters of Drake Straits, and there must 
be a correspondingly great transfer of moisture toward 
Antarctica. 

On the other hand, the precipitation is evidently much 
smaller in Weddell Sea and its western boundary. It is 
true that the observations at Snow Hill station are not 
usable, for the reasons already stated; nevertheless the 
precipitation can not be very large for prevailing south- 
west winds were generally dry in spite of the frequent 
schneetreiben which accompany them. The Deutschland 
also found very light precipitation during its floe-drift in 
Weddell Sea, only 98 mm.in amount. This measurement 
was by means of a rain gage, and though it may be quite 
inaccurate still, as Barkow says, this figure gives some 
reason for believing that the district is one of small pre- 
cipitation. 

On the whole, then I would regard it as very probable 
that those portions of the margin of Antarctica which are 
fanned by cyclonal easterly winds are regions of heavy 
precipitation. On the other hand those portions which, 
like western Weddell Sea and Ross Sea, are exposed to 
southerly winds are regions of light precipitation. Further 
observations are needed before more detailed conclusions 
may be drawn. Heretofore we have had but a general 
knowledge of the annual period of the precipitation, the 
observations indicating that the summer precipitation is 
heavier than that of winter. 


Source of the inland ice. 


Such investigations into the distribution of the Ant- 
arctic precipitation are, of course, of the greatest im- 
portance in one of the cardinal problems of the Antarctic: 
What are the meteorological conditions which supply and 
maintain Antarctica’s continental ice sheet, the ‘Inland 
Ice”? That cover of ice and snow forms the most prom- 
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inent feature of Antarctica, and it exerts the most far- 
reaching influence upon the climatological phenomena of 
all its surroundings. I have also studied the problem of 
the source of supply for the inland ice when working up 
the results of the German South Polar Expedition. Per- 
mit me to briefly present my views thereon. 

It is a well-established fact that there is a steady flow 
of ice from the unknown interior of Antarctica. This ice 
sheet overflows the margin of Antarctica and presents 
an almost unbroken line where it surrenders to the sea in 
the form of icebergs. The origin of this ice can not lie 
along the continental margin only, it must also be located 
farther poleward for there can be no doubt that the 
interior mainland also lies snow buried as does its margin. 
Sled journeys into the interior and to the Pole prove that 
even in these central portions of the Antarctic mainland 
the determining elements of the landscape are snow and 
ice; nowhere appeared extensive snow-free areas. 

Now if the interior of Antarctica is covered with snow 
and ice and there is a discharge of the same to the mar- 
ginal oceans, it follows that over Antarctica as a whole 
the precipitation exceeds the evaporation. Marginal ice 
ya ee could occur only in such a region. It further 
follows that the excess of precipitation over evaporation 
must be furnished by air currents moving toward the in- 
terior of Antarctica. The hydro-economics of Antarctica 
must be somewhat as follows: The marginally discharging 
ice is exporting water from the south polar regions; this 
water loss must be compensated by an excess of precipi- 
tation over evaporation; and the excess precipitation must 
be made possible by a corresponding supply of water 
vapor carried by winds into the interior. 

If the water imported annually be designated by D,, 
the exported water vapor by D,, the precipitation by N, 
the Antarctic evaporation by V, and the exported ice by 
E, then under constant climatic conditions the annual 
state of affairs must be expressed by the equation: 


N-—V=E. 


How can this equation be satisfied? This question can 
only be answered by considering the air currents and the 
distribution of pressure at levels higher than the earth’s 
surface. 


Antarctic pressures. 


The general view is that the whole south polar region 
is dominated by a region of high pressure. Mis view is 
based upon the existence of easterly winds on the margin 
of Antarctica and the observed southward increase of 
pressure. We have already seen that the margin of 
Antarctica is not under anticyclonal but cyclonal pres- 
sure conditions. If there is an Antarctic anticyclone it 
can exist only in the inner portion of Antarctica (see fig. 
2); and its existence there is a difficulty in the way of ex- 


~plaining the necessarily assumed interior snow cover. 


For air flows toward an anticyclone in its upper layers, 
then descends as relatively dry air, and below flows out- 
ward in all directions. Under such circumstances, un- 
fortunately for the theory, precipitation cannot form in 
sufficient quantities to outbalance the evaporation as ex- 
pressed in the above equation. On the other hand, evap- 
oration is greater than precipitation in anticyclonal areas ; 
the air descending from greater heights is dynamically 
heated, becomes relatively very dry, and as it flows out- 
ward takes up moisture from the earth’s surface and re- 
moves it from the region of the anticyclone. In our case 
this known mechanism of the anticyclone would neces- 
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sarily cause a pie Der and removal of snow cover in the 
interior of the south polar regions. 

This consideration induces me to revise the theory of 
an Antarctic anticyclone. A certain line of reasoning, 
which I shall not repeat here, shows me that the Ant- 
arctic continent must have a very high mean elevation, 
as much as 2,000+200 m. abeve sea level. Herein lies 
the key to the phenomenon of Antarctica as a possible and 
even actual source of supply of the inland ice. For now 
one may draw the following conclusions: The Antarctic 
antic ets, so much discussed in the past, is a pressure 
distribution peculiar to the lower atmospheric strata 
only, appearing with distinctness only in the sea-level 
pressure distribution. On the other hand the low Ant- 
aretic temperature must produce such a rapid vertical 
deerease in pressure that above a certain level the Ant- 
aretic pressure must be lower and not higher than that of 
surrounding regions. Thus the sea-level anticyclone 


must be overlain by a cyclone, the so-called “ polar whirl”’ 
(See the charac- 


in the general circulation of the globe. 
teristic isobars at 4,000 m. in fig. 4.) 
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Fig. 4.—Sketch of the isobars at the 4,000-m. level within the south polar region. 
Arrows show average direction of the upper clouds and the prevailing winds on the 
plateau. 


By making certain assumptions regarding the distri- 
bution of temperature and pressure one may calculate 
the upper limit of the anticyelone. From this it appears 
that this limit is less than 2,000 m. during the greater 
portion of the year, or that it lies below the mean level of 
the south polar continent. Accordingly there must be 
extensive areas of Antarctica that always lie higher than 
the level of the anticyclone and reach up into the levels 
of the polar cyclonic whirl which dominates the upper air 
strata of the higher latitudes wherein there is a general 
west-to-cast air movement. 

Figure 5 presents a diagrammatic cross section of the 
South Polar regions. The curved lines show the course of 
the isobars at various altitudes. In the vicinity of the 
South Pole the isobars of the lower layers are arched up- 
ward, as is characteristic of an anticyclonic distribution. 
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In the upper layers, above 2,000 m., this arching is absent; 
in place of it the isobars sag toward the vicinity of the pole 
in accord with the cyclonic distribution of the “polar 
whirl.” In the district of the anticyclone the air move- 
ment is prevailing easterly, but with southerly compo- 
nents; in the district of the cyclone it is westerly, with 
northerly components. 

In figure 5 the arrows show only the meridional com- 
ponents of the winds; in addition the shaded area shows 
the region of easterly winds. If there were no land masses 
about the South Pole (the vertically exaggerated profile of 
figure 5 is quite arbitrary) then we might assume easterly 
winds would prevail over all the district of the anti- 
cyclone. The actual continent, however, permits only a 
portion of the anticyclone and the easterly winds to ap- 
pear; and the land rises even into the overlying cyclone 
and westerly winds. 

The boundary between the easterly and the westerly 
winds (shaded and unshaded portions of the figure) as- 
cends from sea level at latitude 65° S. to meet the land at 
different latitudes and altitudes, depending upon the local 
to ograph . Where the general surface rises rapidly in 
relatively low latitudes, as at the right of figure 5, there 
is the least space for the easterly winds to develop; this 
seems to be the case in Kast Antarctica and particularly 
in Wilkes and Victoria Lands. (See figs. 2 and 4.) 
Where the coast retreats poleward and the back country 
rises slowly, there the region of the easterly winds is more 
extensive, as over Ross Sea. Figure 5 shows the supply 
of moisture to the polar district by poleward-pointing 
wind arrows; but there is also a vapor supply and con- 
densation at the boundary between westerly and easterly 
winds in the latter district, as has been explained above. 
The following observational facts lend support to the 
scheme presented in figure 5. . 

The dinoctiis of the air currents at the upper cloud 
layer is seen by inspection of figure 4. _In the upper layers 
the wind follows the isobars, approximately, and in such 
a manner that in the Southern Hemisphere they have the 
low center on the right hand. The probable course of 
the isobars has thus been drawn from the available ant- 
arctic observations on clouds and bear these facts in mind. 
In addition, it has been recognized that Shackleton and 
Amundsen met with southerly winds on the Antarctic 
Plateau. 

When one studies the upper level isobars and winds, as 
thus restored, it seems not difficult to explain the suste- 
nance of the inland ice within the nucleus of Antarctica; 
for it appears that in the sphere of the upper polar whirl 
there is an inflowing current of air and water vapor. The 
observations of the upper clouds at the marginal stations 
justify the conclusion that there is an intake of air at 
‘ae levels over the district between Weddell Sea and 
Wilkes Land, i. e., on the Indo-Atlantic side of the South 
Polar regions; and perhapsa similar intake over the district 
east of Ross Sea to the vicinity of the Belgica drift journey. 
Consequently the principal importation of water vapor 
will take place on this side of the South Polar region. 
Where the inflowing air strikes against mountain ranges 
it will be compelled to give up the aqueous vapor it is 
carrying. The region between Weddell Sea and Wilkes 
Land is heavily glaciated, as is also King Edward VII 
Land farther east; perhaps this is the reason for the glacia- 
tion. The compensating outflow of the now moisture-poor 
air seems to take place, on the other hand, chiefly on the 
west side of Ross Sea and of Weddell Sea. Here the upper 
winds are frequently from the south or southwest, and the 
stormy southwest winds of Snow Hill also indicate a lively 
exportation of air from the Antarctic region. 


Cx 
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The very dry air peculiar to the west side of Ross Sea, 
and which makes itself felt as a characteristic peculi- 
arity of the climate, may then perhaps be explained as 
the result of this district lying in the lee of Victoria Land 
and of East Antarctica in general. The westerly currents 
of the polar whirl, deprived of their moisture by the 
heights of East Antarctica, attain this district in a desic- 
cated condition which still characterizes them when 
they leave the south polar regions. The stormy south- 
west winds of Snow fill are also extraordinarily dry, 

et of such a low temperature as is only to be explained 
if they descend from some great reservoir of cold, viz, 
the high-lying central portions of Antarctica. 


Fic. 5,—Diagrammatic cross section of the south polar regions, to show the position 
of the isobaric surfaces and the direction of the winds. Arrows show the meridional 
components of the wind; shaded areas show the region of prevailing easterlies 
Altitudes in meters. 


This concept that the fixed land masses of the south 
polar regions are of considerable altitude, that they extend 
up into a suprapolar cyclonic whirl, thus solves in a 
general way the difficulty of accounting for the ice- 
covered condition of central Antarctica. It must be 
the task of future expeditions to secure the detailed 
foundations for the hypothesis and particularly to reveal 
the secrets of the upper air over the nucleus of the 
south polar continent. Far-reaching conclusions will 
be founded upon this exploration, for in this way it will 
become possible to secure more intimate knowledge of 
the processes which promoted the growth of the great 
inland ice sheets over Canada and Scandinavia in the 
glacial period. These ancient ice sheets also reached 
considerable altitudes, and presumably rose above the 
zone of anticyclonic circulation. It will be in. this 
domain of comparative climatology that future antarctic 
explorations will yield the most valuable results. 

The observation and recording of the marginal move- 
ments of the inland ice of Antarctica will be of great 
importance in judging secular variations in climate. 
These movements and the magnitude of the ice discharge 
furnish a very sensitive scale for measuring the secular 
changes in distribution of precipitation. The great 
extent of the ice-covered area here smooths out both local 
differences and transitory anomalies in weather. Only 
the great and enduring climatic changes, whether periodic 
or nonperiodic in character, can find any expression in 
the thickness and velocity of the inland ice. One of the 
most imperative needs in future antarctic exploration 
thus seems to be continuous observations of the move- 
ments of the inland ice at the largest possible number of 
stations along its margin. 


Cc. G. S. UNITS IN THE ENGLISH DAILY WEATHER 
REPORT. 


In the Monruty Weatuer Review for February, 
1914, page 100, Dr. W. N. Shaw mentioned that begin- 
ning with the issue for May 1, 1914, the Meteorological 
Office would extend the use of C. G. S. units of pressure to 
its Daily Weather Report. 
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The transition to the new unit is facilitated for the user 
of the British Daily Weather Report by a table on the 
first page, which presents the adopted equivalent re- 
raat readings in inches of a mercurial barometer at 
latitude 45°. Further help is offered on the inside pages 
by a graphic scale comparing the reduced mercurial baro- 
metric readings in inches with the millibars used on the 
adjacent maps. On the daily charts themselves the 
isobars are drawn for intervals of 5 millibars, but they are 
numbered in centibars, and the old-style readings in inches 
are entered at one end of the line. At first it may cause 
a slight inconvenience to find the tabulated reports on 

ages 1 and 4 presenting the pressures in millibars and 
the 24-hour change in ‘‘half-millibars” while the charts 
use centibars; but no doubt the habitual readers of the 
Report will soon become familiar with this demonstration 
of the great convenience of a rational decimal system of 
notation. 

In this connection it is interesting and encouraging to 
note that simultaneously with the change to Bjerknes’s 
‘‘millibar” comes the change to ‘‘millimeter” in the 
column headed Rainfall. It gives us grounds for hope 
that eventually the English-speaking races may also 
adopt a thermometric scale that will combine all the 
advantages of the Fahrenheit and the centigrade scales. 

Recent discussions in the United States make it of 
special interest to remark here that the continuance of 
the Beaufort scale of wind force still seems justified in 
the present improved Daily Weather Report. 

In the following paper the Weather Bureau presents 
its recently adopted standard tables for converting stand- 
ard barometric readings into millibars.—{o. A., jr.] 


CONVERSION OF BAROMETRIC READINGS INTO STAND- 
ARD UNITS OF PRESSURE. 


By Roy N. Covert. 


{Dated Instrument Division, Weather Bureau, May 8, 1914.] 


Atmospheric pressures may be expressed in several 
different ways, viz, as heights in inches, or millimeters, 
of the barometric column of mercury or other suitable 
liquid; as pounds per square inch or grams per square 
centimeter of the weight of that column of mercury; or 
in absolute units of force. 

Values expressed in one way are convertible into values 
expressed in each of the other ways. The conversion of 
atmospheric pressures, expressed in terms of the linear 
height of the mercurial column, into the form commonly 
used in engineering work, i. e., pressures expressed as a 
weight per unit area, requires a knowledge of the density 
of the mercury or liquid employed. The equation for 
this conversion is— 


where P==pressure expressed as a weight per unit area, 
Ae cre of the column in linear units, 
o==density of the liquid, i. e., the mass of a unit 
volume at a standard temperature. 
The conversion of pressure when expressed in linear 
units of the height of the mercurial column into dynes 
er square centimeter or millibars requires values for 
both the density of mercury, p, and the acceleration of 
gravity, g. The equation which gives the pressure in 
— Py», corresponding to the barometric height, 
L, is— 


000 @) 
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When the Weather Bureau began the publication of 
the Daily Weather Map of the Northern Hemisphere, on 
January 1, 1914, and it was decided to express the pres- 
sure data in dynamic units, one bar being equal to 
1,000,000 dynes, the bureau used the conversion tables 
prepared by Bjerknes and Sandstrém, giving the millibar 
equivalents of barometric readings made in inches or 
millimeters of pure mercury. The values for gravity 
(980.617) and for the density of mercury (13.59545) used 
by these writers' in computing their tables differed 
shghtly from generally et values, therefore new 
tables based on the revised constants have been com- 
puted for the range of pressures necessary in the map 
work, and these went into effect with the issue for May 1, 
1914. The new values for gravity and for the density of 
mercury were furnished by the United States Bureau ot 
Standards, Washington, D. C., and are as follows: 


q= 980.665 dynes, 
13.59593 ‘grams 


er cubic centimeter (adopted by 
International 


ureau of Weights and Measures). 


The height of a column of pure mercury at a tempera- 
ture of 0° C. and under normal gravity, that will exert 
a pressure of 1 bar will, therefore, by equation (2) be— 


1000 75.0016 centimeters. 


We also obtain from equation (2) the following equation 
for converting barometric heights h, in millimeters, into 
pressure in millibars, Pm»,— 


Pry = 1.333305h millimeters. 


Since 1 inch equals 1/0.03937 millimeter, the pressure in 
millibars corresponding to a pressure in inches, h’, is 


1.333305 
0.03937 
= 33.86602 h’ inches. 


Below are given barometric readings in both inches 
and millimeters of mercury with their equivalents in 
millibars. 


TABLE 1.—Barometric inches into millibars. 


Inches.  .o1 | .02 | | .04 | .05 | .06 | .07 
Mb. Mb. | Mb. | Mb. | Mb. | Mb. 
0.01 0.00 0.34] 0.68 “1.02 1.39 1.69 2.03; 2.37) 
0.1} 3.39 3.73) 4.06) 4.40; 4.74] 5.08| 5.42] 5.76 
0.21 6.77, 7.11 7.45] 7.79) 81% 8.47; 9.141 
0.34 10.16 10.50] 10.84 11.18 11.51) 11.85 12.19) 12.53, 
0.4] 13.55, 13.89] 14.22 14.56) 14.90) 15.24) 15.58 15.92 
0.5} 16.93. 17.27] 17.61) 17.95) 18.20) 18.63} 18.96; 19.30 
0.61 20.32 20.66] 21.00, 21.34 21.64 22.01) 22.35] 22.69 
0.7] 23.71 24.04] 24.38, 24.72) 25.06) 25.40/ 25.74) 26.08) 
0.8 | 27.09, 27.43| 27.77 28.11) 28.45] 28.79, 29.12 29.46) 
0.9 | 30.48, 30.82) 31,16] 31.50| 31.83) 32.17) 32.51] 32.85] 


! Bjerknes, V.,and others. Dynamic meteorology and hydrography. Partl. Wash- 
ington. 1910. p.7. (Carnegie instit. of Wash’n. Publication 88.) 
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TABLE 2.—Barometric inches into millibars. 
Inches. | .00 | .01 | .02 | .03 | .04 | .05 | .06 | .07 | .08 | .09 
Mb. | Mb. | Mb. | Mb.| Mb. |] Mb. | Mb. | Mb. | Mb. | Mb. 
28.0] 948.2 948.6) 948.9] 949.3, 949.01 949.9) 950.3) 950.6 951.0) 951.3 
28.1 951.6} 952.0] 952.3) 952.6) 953.0) 953.3) 953.7) 954.0) 954.3 954.7 
28.2] 955.0; 955.4] 955.7| 956.0 956.41 956.7) 957.1) 957.4) 957.7] 958.1 
28.3] 958.4] 958.7] 959.1; 959.4) 959.81 960.1 960.4) 960.8) 961.1] 961.5 
28.4] 961.8) 962.1) 962.5] 962.8 963.1] 963.5 963.8) 964.2 964. 8 
28.5] 965.2) 965.5| 965.9] 966.2) 966.5) 966.9, 967.2) 967.6 967.9} 9682 
28.6 968.6; 968.9] 969.2} 969.6 969.91 970.3 970.6) 970.9| 971.3] 971.6 
28.71 972.0; 972.3] 972.6] 973.0, 973.31 973.6 974.0, 974.3 974.7] 975.0 
28.8] 975.31 975.7] 976.0) 976.4| 976.71 977.0, 977.4, 977.7) 978.0] 978.4 
28.9} 978.7, 979.1] 979.4| 979.7/ 980.1] 980.4) 980.8 981.1| 981.4) 981.8 
29.0] 982.1) 982.5) 982.8} 983.1) 983.5] 983.8 984.1) 984.5; 984.8) 985.2 
29.1] 985.5) 985.8] 986.2) 986.5; 986.9] 987.2| 987.5] 987.9, 988.2) 988.5 
29.2] 988.9) 989.2} 989.6] 989.9, 990.2% 990.6) 990.9] 991.3) 991.6] 991.9 
29.3 992.3; 992.6] 992.9] 993.3) 993.6) 994.0; 994.3) 994.6) 995.0 995.3 
29.41 995.7; 996.0) 996.3} 996.7) 997.0) 997.4! 997.7, 998.0, 9984] 9987 
29.5] 999.0, 999.4] 999. 7/1, 000. 1|1,000. 411, 000. 7/1, 001. 1/1, 001. 41,001. 8| 1,002.1 
29.6 002. 4/1, 002. 81, 003. 1/1, 003. 4|1, 003. 81; 004. 1/1, 004. 511,004. 81,005. 1) 1,005. 5 
29.7 11, 005. 8/1, 006. 2/1, 006. 006. 811, 007. 41; 007. 007. 911, 008. 2/1, 008. 5! 1,008. 9 
29. 8 009. 2/1, 009. 5]1, 009. 9|1, 010. 2/1, 010. 010. O11. 011.6 1,011.9) 1,0 2.3 
29.9 012. 61, 012. 9/1, 013. 3/1, 013. 6/1, 013. 91, 014.3 1,014. 61, 015. 1, O15. 3 1,015.6 
30. 0 016. 0/1, 016. 3/1, 016. 7/1, 017. 0/1, 017. 341, 017. 7/1, O18. 011,018. 3,1,018.7| 1,019.0 
30. 1 019. 4/1, 019. 7/1, 020. 0|1, 020. 4)1, 020. O21. 1)1, 021. 4/1, 021. 7)1,022. 1) 1,022. 4 
30. 2 HL, 022. 8/1, 023. 1/1, 023. 4/1, 023. 024. 024. 4/1, 024. 811, 025. 1/1,025. 5] 1,025.8 
30.3 026. 1/1/ 026. 5'1; 026. 811’ 027. 2/17 027. 027. 028. 2/1; 028. 5/1; 028.8 1,029. 2 
30. 4 029. 029. 9/1, 030. 2/1; 030. 5|1, 030. G1, O31. 211, 031. 6 1, 031. 9/1, 032. 2) 1,032.6 
30.5 fi, 032. 911, 033. 033. 611,033. 911, 034. 034. 6/1, 034. 911, 035. 3/1, 035. 6! 1,036.0 
30. 6 036. 3/1, 036. 6/1, 037. 0!1; 037. 3/1, 037. 741, 038. 0/1, 038, 038. 039.0) 1,039.3 
30.7 039. 7/1, 040. 0'1, 040. 4/1; 040. 7/1; 041. O41. 4/1, 041. 7/1, 042. 1/1, 042. 4) 1,042.7 
30. 8 #1, 043. 1/1, 043. 4,1, 043. 7/1, 044. 1/1, 044. 044. 8/1, 045. 1/1, 045. 4/1, 045. 8] 1,046.1 
30.9 046. 5|1, 046. 8 1, 047. 1/1; 047. 5/1, 047. 41, 048. 2/1, 048. 048. 8/1, 049. 2) 1,049.5 
31. 0 049. 811, 050. 2 1, 050. 050. 911, 051. 41, 051. 5/1, 051. 052. 2/1, 052. 1,052.9 
31.1 053. 2/1, 053. 6/1, 053. 054. 211, 054. 054. 9/1, 055. 3/1, 055. 61,055. 9) 1,056.3 
31.2 JL, 056. 61, 057. 0 1, 057. 3/1, 057. 6)1, 058. 058. 3/1, 058. 6/1, 059. 0/1, 059. 3) 1,059.7 
31.3 [1, 060. 060. 3,1, 060. 7/1; 061. 0/1, 061. O61. 7/1, 062. 0/1, 062. 4/1, 062. 7) 1,063. 1 
31.4 1063. 063.7|1, 064. 064. 064 065. 1)1, 065. 065. 811, 066.1) 1,066. 4 
31.5 }1, 066. 8/1, 067. 11,067. 5|1, 067. 8/1, 068. 1,068, 068. 8}1, 060. 1/1, 060. 5 1,069. 8 
31.6 070. 070. 5/1, 070. 8/1, 071. 2/1, O71. 071. 072. 2/1, 072. 5/1, 072.9) 1,073.2 
31.7 073. 6,1, 073. 9/1, 074. 2 1,074. 61,074. M1, 075. 2/1, 075. 6/1, 075. 911, 076.3) 1,076.6 
31.8 ]1, 076. 9/1, 077. 3 1,077. 6 1,078. 0/1, 078. 341, 078. 6/1, 079. 079. 3/1, 079.6! 1,080.0 
31.9 080. 3/1, 080. 7 1, 081. 01, 081. 3/1, O81. 082. 0 1, 0S2. 4/1, 082. 7/1, 083.0) 1, 083. 4 
| 
TaBLe 3.—Barometric millimeters into millibars. 
Milli- | | 
| 
| 
Mo. | Mb. | Mb. | Mb. | Mb. Mb. | Mb. | Mb. | Mb. | Mb. 
710 | 946.6 948.0, 949.3] 950.6 952.0) 953.3) 954.6] 956.0 957.3) 958.6 
720 | 960.0, 961.3 962.6, 964.0 965.21 966.6 968.0] 969.3 970.6 972.0 
7 973.3, 974.6 976.0) 977.3| 978.4 980.0) 981.3} 982.6 984.0 985.3 
740 | 986.6 988.0, 989.3} 990.6 992. 993.3) 994.6) 996.0 997.3) 998.6 
750 1, 006. 6/1, 008. 0/1, 009. 3,1, 010. 6/1, 012. 0 
760 f1, 013. 3.1, 014. 6 1, 016. 0)1, 017. 3 1, O18. G1, 020. 0)1, 021. 3/1, 022. 6 1, 024. 0/1, 025. 
770 [1, 026. 6 1; 028. 0 1,029. 3/1; 030. 6 1; 032. OL, 033. 3/1, 034. 6|1, 036. 0 1, 037. 3|1, 038. 6 
780 040. 0/1, 041. 3 1, 042. 6/1, 044. 01, 045. O46. O48. O98. 3}1, 80.61, 063, 0 
790 }1; 053. 054. 6 1; 056. 057. 311, 058. 61, 060. 01, 061. 3/1, 062. 6 1, 064. 0/1, 065. 3 


THE BEAUFORT WIND SCALE. 


The Weather Bureau is glad to profit by wise and prac- 
tical suggestions, but occassional published items relative 
to the Beaufort wind scale, serve little useful purpose and 
leave the impression that their authors are not animated 
by the simple desire to serve the public at large. Not 
only has the Beaufort scale gradually come into use by 
observers both on land and sea, but every attempt to 
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dislodge it has seemed unwise. Even the International 
Permanent Committee on Meteorology has found nothing 
better for general use, although instruments may be at 
hand that will give the velocity in miles per hour at any 
spot where an anemometer happens to be established. 
he officials of all Government weather bureaus have 
suggested their various substitutes for the Beaufort scale, 
and numerous alterations have thus been made in the 
terms and definitions recommended to public use, but 
the Beaufort wind scale has not yet been given up. 

The introduction of such alterations in the definitions 
of ordinary well-known English words has led to great 
confusion of records and usages. Our own daily weather 
charts are widely known over the world and local terms 
should be avoided. It is better to adhere to the terms 
and corresponding velocities of the well-known Beaufort 
scale when one has no freely exposed velocimeter or 
anemometer. There has been great improvement in 
anemometers, but that does not justify us in departing 
from the Beaufort scale for the use of the millions who 
have no such apparatus. 

There have been many efforts to establish a scale of 
ten terms from calm to hurricane, as recommended by 
the International Meteorological Committee in 1873 and 
1874; various scales have been suggested of nine, eight, 
seven, six, and four terms, respectively, and there have 
been numerous attempts to reduce each of these to the 
simple fundamental Beaufort scale of twelve terms, but 
the latter is still used. Nine fundamental terms of that 
original scale, i. e., calm, light, fresh, breeze, brisk, high, 

ale, storm, hurricane, and their additional modifications 

y the words gentle, moderate, strong, have proved to 
be sufficient for ordinary use, both at sea a on land. 
These terms are in ordinary use by English-speaking 
observers, as well as many other nations, all over the 
world; they are well defined in any modern dictionary, 
thereby forbidding any educated person from complain- 
ing that the terms are not understood. Those newspapers 
and correspondents who wish these terms translated into 
miles per hour should consult the ordinary popular works 
on meteorology. In general, it is sufficient to know that 
a moderate gale means a wind having a velocity of 35 to 
45 miles per hour, from which we may count upward or 
downward, without any expensive apparatus. 

The adoption of the Beaufort scale in 1905 by the 
instructions of the former chief of the Weather Bureau, 
as also its continued usage by the orders of the present 
chief in 1914, assure us that there is good reason for its 
general use. If one has no anemometer and wishes to 
use a 10-scale, he may group the latter part of the Beau- 
fort and call that the end or No. 10 of his own scale. 


We note that lately the British Meteorological Office 
has adopted as definitions of the respective terms of the 
Beaufort scale the approximate equivalent values in 
meters per second. These are here given for the infor- 
mation of the reader; and the comparison between all 
these shows that while retaining the terms of the Beau- 
fort scale, there have also been great differences between 
those who have attempted to convert it into observed 
velocity or pressure, 


| Adopted velocities. 


| Meters 
Beaufort wind scale. per Miles per hour. 
second 
| | | 

| Weather 
No. | Terms. | Hann. | Milham. | Bureau, 
} Feb., 1914. 

pee 4.8 18 13 to 18 
| 8.8 | 28 23 to 28 
10.7 | 34 28 to 34 
12.9 | 40-34 to 40 
9 Strong gale. . } 18.0 56 48 to 56 
10 Whole gale. . 21.0 | 65 56 to 65 
| 30 75 65t075 
12 , Hurricane......... 50 | 90 75 or over. 


As used by British Meteorological Office. 
} Pressures.! 
Beau- | wiles per | Meters per Feet per | -—— 
fort 
hour. second. second. | | 
No. | | Pounds per Millibars 
0 Lessthan! | Lessthan0.3 | Less than 2 | 0.00 | 0.00 
1 | 1-3 | 0.3- 1.5 2 5 0.01 0.01 
2 | 4-7 1.6- 3.3 6- 11 0.08 0.04 
3 8-12 3.4- 5.4 { 12- 18 | 0. 28 0.13 
13-18 5.5- 8.0} 19- 27 0.67 0.32 
5 | 19-24 8.1-10.7 | 28- 36 1.31 0.62 
25-31 10. 8-13. 8 37- 46 2.3 Ld 
7 | 32-38 13.9-17.1 | 47- 56 | 3.6 a7 
8 | 39-46 17. 2-20.7 | 57- 68 5.4 2.6 
9 | 47-54 20. 8-24. 4 | 69- 80 3.7 
10. 55-63 | 24. 5-28. 4 | 81- 93 10.5 5.0 
1} | 64-75 | 28. 5-33. 5 | 94-110 14.0 6.7 
12 | Above 75 | 33.6 or above. Above 110 17.0 or over. 8.1 or over. 
| i 


! These figures are computed for air of standard density; they diminish as we ascend 


in the atmosphere, they increase with the momentum of any rain that is driven with 
the wind.—[c. A.] 


ICE PATROL OVER THE NORTH ATLANTIC OCEAN. 
By Epwarp H. Bowre, District Forecaster. 
[Dated United States Weather Bureau, Washingion, May 13, 1914.] 


Commissioners appointed by the several nations to 
make recommendations conceruing ‘‘The safety of life at 
sea’ held meetings at London, England, during the period 
November 12, 1913, to January 20, 1914, and, besides 
adopting regulations concerning the equipment of vessels, 
etc., ae a a patrol of the North Atlantic Ocean in the 
region of the steamer routes for the observation and study 
of ice conditions and for the destruction of derelicts. 
Kach netion that was a party to the commission agreed 
to bear its proportionate part of the expenses of the patrol 
and the United States was invited to inaugurate and main- 
tain such a service in 1914 in the following language: 

The Government of the United States is invited to undertake the 


three services of derelict destruction, study and observation of ice 
conditions, and ice patrol, ete. 


During the spring and early summer of 1913, previously 
to the meeting of the commission, work of this character 
was conducted by the 8S. 5. Scotia. During the present 
vear, however, the work is being conducted by the revenue 
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cutter Seneca, in accordance with the recommendations 


of the commission. Besides being eanippes for a study - 
1 


of ice conditions and securing data regarding the direction, 
speed, and temperature of the ocean currents, the Seneca 
has also a meteorological outfit, and observations will be 
be taken several times daily of the barometer, tempera- 
ture, wind direction, state of the weather, and force of 
the wind. The4 a.m. observation is embodied with other 
information in a radiogram sent each day to New York, 
and the meteorological observation is thence transmitted 
to Washington for use on the Northern Hemisphere 
Weather Chart. The first message of this character was 
received April9. The reports from the Seneca are usually 
received in time to be published in the table on the North- 
ern Hemisphere Weather Map. 

The work done by the S. 5. Scotia in 1913 is of great 
interest to meteorologists. Among the observations 
taken are the following: 

(1) The taking of water samples by means of the full- 
speed water bottle when the ship is moving and by means 
of the insulating or reversing bottle at various depths 
when the ship is stationary. The samples are used in 
obtaining the salinity of the water and also in connection 
with the plankton investigations, about which something 
will be said later. The value of the water samples depends 
not only on the differences in salinity which show the 
boundaries between the various currents, but also on the 
differences in density when temperature is taken into 
consideration, as from these latter it is possible to calcu- 
late dynamically the differences of current flow. 

(2) The ordinary surface net and the full-speed tow 
net were used in obtaining samples of plankton at the 
surface and at depths down to 30 fathoms or more for 
use in studying the distribution of these minute forms of 
slant life in connection with the temperature and salinity. 

n the report of the work done by the S. S. Scotia durin 
1913 reference was made to certain samples which honed 
strongly marked horizontal and vertical thermal and 
biologic boundary lines. These boundaries seem to 
limit bodies of water apparently of polar and southern 
origin respectively. An examination of the plankton 
contained in the water frequently enables one to identify 
the source of the strata of water forming the different 
currents by reason of the fact that the distribution of the 
definite species is largely determined by the different 
degrees of salinity and temperature. 

(3) Ocean currents at various depths and _ ice-drift 
measurements were made. 

(4) Water temperatures were measured by the ordinary 
water thermometers at different depths and the Callendar- 
Barnes self-recording thermometer was also used. No 
rise in temperature was noted on approaching icebergs. 

(5) Air temperatures were observed with standard 
thermometers and recorded on a thermograph. In this 
connection 13 successful kite flights were made, although 
with difficulty, it being found difficult to get the kites 
away from the ship with success owing to the wind eddies 
caused by the spars and rigging of the ship. On one 
occasion, in the midst of a fog, a captive balloon was sent 
up to an altitude of 3,500 feet, records of temperature 
and humidity being obtained. On 8 flights made during 
foggy weather an inversion of temperature was in each 
case noted. But fog did not prevail with all inversions 
of temperature. However, all marked inversions were 
recorded during fogs, but slight inversions occurred 
without fog. Comparative wind velocities at 45 and 70 
foot levels showed that velocities at the 70-foot level 
were greater by about 7 per cent than those at the 45-foot 
level. Hygrometric observations were made with the 
hair hygrometer and the wet and dry bulb thermometers. 
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The height and direction of seas and swells and the density 
of fog were also noted. 

Similar atmospheric observations and studies will be 
made during the season of 1914, and it is hoped that by 
studying the ocean currents their relation to the extent 
and time of the southward drift of the icebergs may be 
determined. 


A LAKE HURON CURRENT. 


In a letter [dated May 4, 1914] from Mr. John D. 
een relative to the stranding of the steamer Acadian 
says: 


You ask me some questions in regard to the stranding of the steamer 
Acadian on Sulphur Island, November 9-11, 1913. ‘‘ Was it due to the 
influence of some unknown strong current? Are not the local currents 
in Lake Huron during strong winds well known?”’ 

When I was a young man I was in the fishing business; it was there 
that I first learned that a strong current at times sets down the west 
shore of Lake Huron, into Saginaw Bay. After I came into the Life- 
Saving Service, being located on the turning point of Lake Huron, 
Thunder Bay Island, I soon began to notice that shipping was affected 
by this current. Steamers coming up the lake, crossing from Point 
Aux Barques to this Island in smoky and thick weather, would all 
fetch up from 1 to 3 miles behind this island, from 6 to 10 miles off 
their regular compass course. Not one boat, but all boats during that 
day would be affected by that current. Fishermen suffer a great deal 
by this current, as it sweeps their buoys under so they can not find their 
nets. The writer has seen the ice fields going down the lake much 
faster than a man could walk, and not a breath of wind. 

During my 36 years as keeper of this station I attribute many strand- 
ings that have occurred in this vicinity in thick weather to this unknown 
current. A steamer crossing from Point Aux Barques to Thunder Bay 
Island, a distance of 75 miles, with a strong current striking her on the 
starboard side must move sideways to some extent. 

You ask me if this current is not well known. No, only to the fisher- 
men and tug men that have been rafting and towing saw logs. So far 
as J am informed this current is not strong enough to be observed, only 
on certain occasions. As far as my observation goes, the wind has 
nothing to do with it at certain times, runs very strong at times with 
no wind. A question. If the water fell 2 or 3 feet anes the west 
shore of Thunder Bay November 9, and rose 3 or 5 feet at Port Huron 
what would be the result? Would not that water set into Saginaw 
Bay strong enough to carry the Acadian sideways off her course several 
miles? Her cargo did not shift nor were there any irregularities of 
her compass, 

Mr. Frank Jermin and myself are making quite a study of this matter 
and we are in hopes to have something to place before the Weather 
Bureau office at no distant day. 


PROPOSED ASIATIC EXTENSION OF THE RUSSIAN 
WEATHER SERVICE. 


John F. Jewell, United States consul at Vladivostok, 
advises us through the State Department, under date of 
April 17, 1914, as follows: 

The Vladivostok Observatory has worked out and sub- 
mitted to the Duma at St. Petersburg for approval a 
oe to organize a weather service in the Russian Far 

ast. The plan proposes— 

1. To establish 20 meteorological stations in the most 
important places, the construction to be completed within 
four years. 

2. To establish special parallel stations at different 
altitudes, for the purpose of securing observations at 
differently exposed points under the same latitude; the 
construction to be completed within five years. 

3. To make regular observations of the warm current 
called the Kuroshiwo, or the Japan Current. 

4. To maintain a telegraphic branch at Vladivostok. 

It is estimated that the total cost of installation and 
upkeep until completion will be 254,000 rubles ($130,810). 
As this meteorological system and its synoptical service 
develop the Vladivostok Observatory will undertake to 
notify the country population of approaching weather 
changes. Itis intended to gradually enlarge the organiza- 
tion until it embraces the whole of the Russian Far East. 
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The following brief record of recent events in the history 
of Blue Hill Meteorological Observatory supplements the 
note on the same subject in the Review for March, 1914, 
page 183. The information is taken from the ‘Reports 
of the president and treasurer of Harvard ada 
1912-13,’ Cambridge, Mass., 1914, pages 16, 167, 203; 
treasurer's statement, page 17. 


The observatory was bequeathed to Harvard Univer- 


sity by Abbott Lawrence Rotch, who died on April 7, 
1912. -The formal transfer of the observatory took place 
in March, 1913, and at the same time the university re- 
ceived from the donor’s estate $50,075, the income from 
which is ‘‘to be used and applied for the purpose of main- 
taining upon the premises Ae Great Blue Hil] a meteoro- 
and of making, recording, and reduc- 
ing meteorological observations and publishing the results 
thereof in connection with the Harvard College Obser- 
vatory * * *.’’ Mrs. Rotch has liberally supple- 


mented the income from this fund, so that it has been 
po to appoint Alexander George McAdie as Abbott 
sa 


wrence Rotch professor of meteorology and director 
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of the Blue Hill Observatory. Prof. McAdie entered 
upon his duties just before the opening of the academic 
year 1913-14. 

The library remains housed at the observatory on the 
summit of Great Blue Hill, but is now a constituent part 
of the Harvard University library soon to move into its 
new building. Prof. Rotch left a well-chosen collection 
of books intended for those engaged in research work in 
meteorology, climatology, and aerodynamics, amounting 
to 7,900 volumes and 14,950 pamphlets. The founder 
had given special attention to the acquisition of standard 
treatises, rare issues, and volumes of exceptional merit 
and interest. 


The Editor is requested to state that after May 1, 1914, 
the address of the International Commission for Scientific 
Aeronautics will be “c/o K. Preuss. Aeronautisches 
Observatorium, Lindenberg bei Beeskow, Germany.” 
This will also be the address of Prof. Dr. H. Hergesell, 
president of the International Commission, as he has 
recently been appointed director of the Acronautical 
Observatory. 
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SECTION III.—FORECASTS. 


STORMS AND WARNINGS FOR APRIL. 


By H. C. FRaNKENFIELD, Professor of Meteorology. 
[Dated U. S. Weather Bureau, Washington, May 7, 1914.) 


At the beginning of the month the low pressure over 
the upper Lake region and the Ohio Valley was causing 
rss pene over much of the eastern half of the country. 
emperatures were moderate over the southern districts, 
and high over the northern, while over the western half 
of the country pressure was comparatively high with fair 
weather and nearly normal temperatures. The Lake 
storm continued eastward with rapidly increasing inten- 
sity and on the morning of the Dd was central over the 
Maine coast, the barometer at Eastport, Me., reading 
29.16 inches. Small-craft warnings were ordered for the 
New England and Middle Atlantic coasts, and winds oc- 
curred as forecast. Rains had continued in the Ohio 
Valley and the Lake region, changing to snow over Lake 
Superior, eastern Lake Erie, and Lake Ontario, and had 
extended through New England with strong west to north 
winds and with snow over the northern portion. It was 
much warmer in the Atlantic States, and colder in the 
Lake region and the Ohio Valley. To the westward the 
weather was fair with high pressure and moderate tem- 
erature, except on the north Pacific coast, where the 
arometer was again falling with local rains that ex- 
tended eastward into western Montana. At 6:40 p. m. 
storm warnings were ordered along the Washington and 
Oregon coasts. 

Frost warnings on the Ist and 2d for Missouri, Kansas, 
Arkansas, Oklahoma, and Texas failed of verification 
owing to the fact that the recovery from the eastern dis- 
turbance was very slow from the upper Mississippi Valley 
eastward, and cool and unsettled weather with rains and 
snows continued until the morning of the 4th, by which 
time the western high area had overspread the East, and 
killing frosts and freezing temperatures occurred as far 
south as Tennessee, warnings for which had been issued 
on the morning of the 3d. A depression that was over 
the southern coast of California on the morning of the Ist, 
had by this time reached the mouth of the Rio Grande, 
and rains were falling over Oklahoma, Texas, and New 
Mexico. The disturbance on the north Pacific coast had 
also continued to increase with resulting rains in the Coast 
States, except southern California. Over the interior 
West the weather remained fair, with temperatures some- 
what below the seasonal average, as arule. A very mod- 
erate depression had also appeared to the northeastward 
of Lake Superior; it moved eastward without developing 
any intensity of consequence, but it caused a resumption 
of rains and snows from the Lake region eastward to New 
England, and it was followed by another fall in tempera- 
tures that brought them well below the freezing point 
from the upper Mississippi Valley eastward by the morn- 
ing of the 5th. By this time also the north Pacific dis- 
turbance had moved into the Middle Plateau and the rain 
area had extended into Idaho, Nevada, and south Cali- 
fornia. Pressure was rising rapidly behind this low with 
a decided fall in temperature. 


By the morning of the 6th the Plateau disturbance had 
moved to the Texas Panhandle with increased intensity, 
and an arm of disturbance extended northeastward to 
southern Lake Michigan. This, with a cool high area to 
the northward, resulted in quite general rains and snows 
in the Rocky Mountain region, the Plains States, the Mis- 
souri and upper Mississippi Valleys, and the upper Lake 
region. In the East and South pressure was: high with 
genereny clear weather and low temperature, and with 
rosts once more as far south as Tennessee and North Car- 
olina. West of the Rocky Mountains the weather had 
generally cleared, and frosts occurred in the north Pacific 
States, with a recurrence on the following morning, both 
as anticipated. On the morning of the 7th the depression 
extended in parabolic shape from Texas northeastward to 
Ohio, but with diminishing intensity, and the barometer 
was rising rapidly to the northward and northwestward, 
with temperatures ranging from 10 to 30°. Small-craft 
warnings were ordered for the Texas coast. Rains andsnows 
had continued from the Rocky Mountain region eastward 
to the Mississippi River and the upper Lake region, and 
had extended through the Ohio Valley and the lower Lake 
region into the Middle Atlantic States and New England. 
Pressure was high over the middle Atlantic Ocean, and 
temperatures had risen decidedly in the Ohio Valley, 
Middle Atlantic States, and the South. West of the 
Rocky Mountains the weather was generally clear with 
moderate temperatures. The western depression drifted 
slowly eastward with several independent centers of cir- 
culation, and on the morning of the 8th it extended from 
western Florida northeastward through New York, with 
general rains and snows east of the Mississippi River, with 
continued high temperatures in the Atlantic States, and 
abnormally low ones in the Plains States, the Southwest, 
the Central Valleys, and the Lake region—the line of 
freezing temperature extending intonorthern Texas. As 
this disturbance gave some promise of further develop- 
ment, small-craft vee were ordered in the evening of 
the 7th for the New England and Middle Atlantic coast, 
the warnings to be displayed on the following morning, at 
which time similar warnings were ordered for the Louisi- 
ana coast. With the exception of some snows in the 
Rocky Mountain region, the weather was generally clear 
in the West, but with falling pressure in the extreme West 
and a tendency toward rising temperatures. 

As the barometric gradient was quite steep, northwest. 
storm warnings were ordered at 2:30 p. m. on the Gulf 
coast from Pensacola to Cedar Keys, Fla., and on the 
Atlantic coast from Jacksonville, Fla., to Boston, Mass., 
and moderate to strong winds prevailed during the suc- 
ceeding 24 hours. During the 8th the disturbance con- 
tracted somewhat and by the morning of the 9th there 
was but a single center over the lower St. Lawrence Val- 
ley. Rains and snows had continued in the Lake region, 
New England, and the Middle Atlantic States, and rains 
in the South with a decided fall in temperature to much 
below the normal conditions. Cold weather also contin- 
ued in the Central Valleys and the Gulf States with freezin 
temperatures into central Texas, warnings for which ha 
been issued on the previous day. Warnings of frost for 
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the Carolinas and Georgia failed of verification on account 
of the persistence of cloudy weather. The high pressure 
area covered the central and southwestern portions of the 
country, and its eastward drift necessitated additional 
frost warnings for the Ohio Valley, the Middle Atlantic 
States, ond the South generally, except eastern and south- 
ern Florida. Frosts occurred as forecast on the morning 
of the 10th, when the high pressure and low temperatures 
covered the East and South, while another disturbance 
from the Canadian Northwest had reached Minnesota 
with greatly increased intensity, attended by light local 
snows from Minnesota westward. There was also another 
disturbance over the Middle Plateau, and the Pacific coast 
rains extended eastward to the mountains. 

Advisory warnings were issued at 9 a. m. for moderate 
south to southwest gales on Lake Michigan, and durin 
the afternoon southwest storm warnings were ordere 
for the southern California coast. By the evening of the 
10th the plateau disturbance had moved to southeastern 
New Mexico with increased intensity and orders were 
issued to display small-craft warnings on the Texas coast 
on the following morning, by which time the disturbance 
was over Texas, while the northern disturbance had 

assed to the northeastward of Lake Superior attended 

y light cains and snows, moderate westerly gales, and 
higher temperatures. This condition of rising tempera- 
ture covered practically the entire country except the 
Atlantic and the Pacific States, temperatures over these 
two latter districts continuing quite cool with light frost 
as far south as North Carolina. The weather had also 
been fair except over the region affected by the northern 
disturbance, but there was another disturbance of mod- 
erate character that had moved in from the Pacific coast 
since the night of the 9th and was central over Saskatche- 
wan by the morning of the 12th. The northern distur- 
bance had reached central Ontario, while the southern 
one was over the western Gulf of Mexico with resultin 
general showers from the Gulf States northeastwar 
through Canada. Low temperatures continued quite 
generally, except in the Southeast, with a further fall 
over the region covered by the showers. Pressure was 
high over the central portion of the country with heavy 
to killing frosts, for which warnings had been issued on 
the previous morning. Pressure was also higher over 
the extreme West, with generally clear weather. No 
storm warnings had been necessary for the northern 
storm, but small-craft warnings were displayed during 
the 11th on the New England coast, and northwest storm 
warnings during the night of the 11th on the north New 
Jersey coast. Small-craft warnings had also been dis- 
played on the middle Gulf coast for the fresh breezes 
caused by the Gulf disturbance. 

Owing to the continued low temperatures and high 
pressure in the central West, frost warnings were repeated 
for those sections on the morning of the 12th and extended 
into the interior West Gulf States, the Ohio Valley, the 
north portions of the East Gulf States, and the Middle 
Atlantic States. Occurrences on the following morning 
justified these forecasts, except in so far as they related to 
the Gulf States where more or less cloudiness prevented 
the formation of frost. By this time (Apr. 13) the 
northern disturbance had passed off the Newfoundland 
coast with greatly increased intensity, and high pressure 
with low temperatures covered the entire eastern half of 
the country, except the South Atlantic and East Gulf 
States, where temperatures had not changed materially. 
A temperature reading of six degrees below. zero was 
reported from White River, Canada, while freezing tem- 


peratures generally prevailed over the northern tier of 
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States from Minnesota eastward. Over the West, pres- 
sure was falling with a disturbance approaching the north 
Pacific coast, and rains were falling in Idaho, Washington, 
Oregon, and northern California. 

The disturbance that was over the western Gulf of 
Mexico on the 12th apparently reappeared during the 
13th and, by the morning of the 14th, it had moved north- 
eastward to Tennessee with increased intensity causing 

eneral and, in many places, heavy rains throughout 

ennessee, the East Gulf and South Atlantic States, 
except Florida. Pressure had also fallen generally over 
the northern and western portions of the country, except 
the northern plateau, but without precipitation except 
some local rains in the Northwest and the North Pacific 
States. Temperatures were generally rising except in 
few localities. The southern storm did not present a 
very well-defined formation, but moved northeastward 
with two centers that, on the morning of the 15th, were 
over Kentucky and eastern North Carolina, respectively. 
Rains continued in the South and extended through the 
Ohio Valley and the southern portion of the Middle 
Atlantic States. Strong high pressure continued to the 
northeastward but no high winds had as yet occurred. 
In the West conditions had not changed materially, 
except that another disturbance from the Pacific had 
reached Alberta attended by general rains in the North 
Pacific States, including northern California, and tem- 
peratures had risen generally, except in the Northwest, 
although still below the seasonal average over the eastern 
half of the country. During the 14th northeast storm 
warnings had been ordered on the Atlantic coast from 
North Carolina to Cape Cod, Mass., and, on the morning 
of the 15th, for the balance of the New England coast. 
Moderately high winds occurred and the slow northeast- 
ward movement of the storm necessitated a continuance 
of the warnings on the night of the 15th from Delaware 
Breakwater to Cape Cod. They were, however, lowered 
on the morning of the 16th from Delaware Breakwater 
to New Haven, Conn., by which time the storm center 
was off the southern New England coast, still moving 
northeastward. 

By the night of the 16th the northwestern disturbance 
had practically disappeared while the Middle West one had 
moved to western Kansas with increasing energy. As 
this latter disturbance appeared to be developing rapidly, 
southeast storm warnings were ordered at 10 p. m. for 
Lake Michigan, and small-craft warnings for the following 
morning on the Gulf coast. However, the western dis- 
turbance did not move eastward as fast as had been ex- 
pected and by the morning of the 17th it was central over 
eastern Nebraska, and consequently no strong winds 
occurred on Lake Michigan. Although temperatures rose 
decidedly to the eastward and southward of the dis- 
turbance, there was no precipitation, except some local 
ra'ns and snows in Colorado, Wyoming, and the North- 
west. The eastern disturbance had moved to the Nova 
Scotia coast and the rains and snows in the lower Lake 
region, the Middle Atlantic States, and New England had 
practically ended. The extreme western high-pressure 
area had moved into the northern plateau attended by 
interior frosts over the north Pacific States and the 
plateau regions, for which warnings had been ordered on 
the 16th. The western storm developed more to the 
northeastward during the 17th and at 3:30 p. m. of that 
date northeast storm warnings were ordered on Lake 
Superior from Duluth to Marquette; and, as the western 
depression also dipped southward into Texas, small-craft 
warnings were ordered on the west Gulf coast at Galves- 
ton. Frost warnings were again repeated for the north 
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Pacific States, Utah, Colorado, and northern New Mexico 
and frosts occuried on the morning of the 18th as forecast. 
The western disturbance still continued its very slow east- 
northeast movement and it now extended from Minnesota 
southward to western Missouri with a moderate secondary 
disturbance near the mouth of the Rio Grande. Rains 
had begun to the eastward and southward extending from 
Texas to Lake Superior. There were also quite general 
rains in the Northwestern States and sais snows and 
rains in the central Rocky Mountain region. As the west- 
ern storm appeared to be developing, southwest storm 
warnings were ordered at 10 a. m. for Lakes Huron, Erie, 
and Michigan with instructions to change to northwest at 
sunset on Lake Michigan. At 3:30 p.m. northeast warn- 
ings on Lake Erie were changed to northwest and north- 
west warnings were also ordered for the remainder of 
Lake Superior. To the eastward and southward fair 
weather continued with high pressure and higher tem- 

eratures, while west of the Mississippi River—at least as 
ee as the Rocky Mountains—temperatures were some- 
what lower. The extreme western high area had moved 
into the interior over Idaho and western Montana, and 
the barometer was again falling rapidly over the extreme 
north Pacific coast with rains in that section. 

During the afternoon of the 18th southwest storm warn- 
ings were extended to Lake Ontario and on the same even- 
ing southwest warnings were also ordered for the extreme 
north Pacific coast. On the morning of the 19th the 
storm center was over northern Lake Michigan with in- 
creased intensity (29.42 inches at Green Bay, Wis.). 
Rains and snows had fallen generally between the Missis- 
sippl River and the Allegheny Mountains and strong 
winds or moderate gales had occurred over the upper 
Lakes and on Lake Erie. The disturbance that was over 
the mouth of the Rio Grande had also moved northeast- 
ward to southwestern Alabama, causing general showers 
in the Gulf States, except interior Texas. Temperatures 
had risen decidedly in the New England and the Middle 
Atlantic States and the lower Lake region, where they 
were from 15 to 30 degrees above the seasonal average, 
while over the upper Lake region and the Central Valleys 
they had fallen decidedly and were again below the sea- 
sonal average between the Mississippi River and the 
Rocky Mountains. Storm warnings on Lake Huron were 
changed to northwest at 10:30 a.m. on the 19th and also 
continued on Lake Erie with instructions to change to 
northwest at sunset. Small-craft warnings were also 
ordered on the east Gulf coast for strong winds that would 
be caused by the disturbance over southeastern Alabama. 
As the northern storm had now developed a more active 
eastward movement, frost warnings were ordered for the 
Ohio Valley, Tennessee, northern Alabama, warnings of 
frost and freezing temperatures for Indiana, advisory 
warnings for snow and much colder weather for Michigan, 
and warnings of frost or freezing temperatures for Illinois 
and the entire central west. Frost and freezing tempera- 
tures occurred generally on the morning of the 20th as 
previously forecast, except in Kentucky, Tennessee, and 
northern Alabama, where unsettled cloudy weather per- 
sisted, 

The disturbance that was noted over the extreme north 
Pacific coast on the morning of the 18th had by this time 
reached Saskatchewan with much increased development 
and with light rains in the Northwest, while the Middle 
West low area had reached the New England and the 
Middle Atlantic States with very indefinite development, 


but with general rains and snows east of the Mississippi 


River and with continued high temperatures in the 
Middle Atlantic and New England States. Small-craft 
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warnings were ordered at 10 a. m. from Norfolk, Va., to 
Eastport, Me., and, as the disturbance gave promise of 
renewed development, northeast storm warnings were or- 
dered at 9:30 p. m. for the eastern Maine coast, at which 
time the storm center was off the Massachussetts coast 
moving northeast. By the morning of the 2ist the 
northeastern storm was off the Nova Scotia coast, but 
rains had continued in New England, the Middle Atlantic 
States, and the lower Lake region. Pressure was high 
over the Ohio Valley and the South, and frosts had 
occurred in Kentucky and Tennessee. It was consider- 
ably colder in the Atlantic States and the lower Lake 
region, warmer from the upper Lake region southwest- 
ward, and generally colder in the Northwest and the 
extreme West. The northern disturbance of the 20th 
had moved to Lake Superior with greatly decreased 
energy, while another of .more marked character had 
developed over southern Nevada, the general depression 
extending eastward over Kansas and Nebraska, with a 
moderate high area to the northward that was causing 
local snows and rains in Montana, Wyoming, and Nevada. 
There had also been quite general frosts in the north 
Pacific States for which warnings had been issued on the 
20th; these warnings were repeated on the 21st for the 
frosts that again occurred on the following day. Frost 
warnings were also issued on the morning of the 21st for 
Delaware, Maryland, east Pennsyvania, and Virginia; but 
they did not materialize generally on account of the 
southeastward movement of the Ohio Valley high-pres- 
sure area. On the morning of the 22d the northwestern 
high area was found to have developed considerably and, 
with its crest over northern Minnesota, was movin 
eastward after the Lake Superior low area that ha 
moved to the lower St. Lawrence Valley with increased 
development, attended by local thundershowers in the 
Lake region. Pressure also continued high in the South 
with fair weather, none in east Texas, where general 
rains were falling with the southeast wind blowing from 
the Gulf of Mexico into the western disturbance, which 
by this time had reached northern Arizona. The general 
depression had also extended eastward in very moderate 
form, so that it reached between the two high areas with 
resulting unsettled weather but without precipitation of 
consequence. 

On the morning of the 23d the western depression was 
central over eastern Colorado, with a secondary center 
over southern Alberta. The southern high area had 
lessened somewhat, while the northern one had increased 
materially and was central over northeastern Michigan 
with a crest of 30.62 inches. It caused a general and 
decided fall in temperature from the sear Ohio Valley 
and the upper Lake region eastward, while to the south- 
ward temperatures remained comparatively high. It 
was also much warmer in the Northwest and colder in 
the Middle Plateau and the extreme Southwest. The 
only precipitation of consequnce covered a narrow belt 
extending from east Texas northward to the Canadian 
line. On the morning of the 24th the principal storm 
center had moved to northwestern Iowa, while the 
northern secondary one had moved to western North 
Dakota; this had resulted in the extension of the rain 
area eastward through the upper Lake region, and weather 
had become cloudy and unsettled throughout the Ohio 
Valley and the South. It was considerably warmer in 
the upper Mississippi Valley, but elsewhere temperature 
changes had not been of consequence, and in the far West 
pressure had risen considerably, but with light local 
rains in Montana, Idaho, and Utah. Frost warnings 
were ordered for the north Pacific States. The western 
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disturbance continued northeastward with about the 
same intensity, and on the morning of the 25th it was cen- 
tral over northern Lake Michigan, but, as pressure was 
still low for a considerable distance to the westward, there 
had been no en, The rain area had extended 
through the Ohio Valley and the Lake region generally 
and locally into the Middle Atlantic States. There had also 
been substantial thundershowers in the west Gulf States. 
Temperatures were much higher over the eastern half of 
the country but were moderate elsewhere, with frosts in 
the interior of the north Pacific States. Owing to the 


_ strong pressure gradient to the eastward of the storm 


center, southwest storm warnings were ordered at 10 a. m. 
for Lake Ontario and extended on Lake Erie. However, 
they were not verified by subsequent occurrences, as the 
disturbance rapidly disintegrated during the night of the 
25th, and on the morning of the 26th rains were fallin 
in western New York, the Middle Atlantic States, an 
New England, with some snow over northern New 
England. By this time another disturbance had de- 
veloped over the extreme West and was central over 
northwestern New Mexico, with rains continuing over 
Texas. 

The northern disturbance moved off the southern New 
England coast and was followed by clearing weather, but 
the southwestern one moved eastward, and on the morn- 
ing of the 27th it was central over western Oklahoma, 
with a secondary center over the middle Rio Grande 
Valley of Texas. Pressure was rising rapidly to the 
northward, with a marked crest over northern Saskatch- 
ewan, and at the same time temperatures had fallen 
considerably below the freezing point in North Dakota. 
Rains continued in Texas and extended northeastward 
into the upper Mississippi Valley. There were also rains 
in the North Pacific States, snows and rains in the central 
Rocky Mountain region, and rains in New York and 
New England, the latter from the northern low area that 
was just passing off the south coast. High temperatures 
prevailed in the upper Lake region and the Central val- 
leys. Small craft warnings were ordered on the Texas 
coast, and on the east Gulf Coast from Pensacola to 
Carrabelle, and, as pressure was again rising in the North 
Pacific States, frost warnings were ordered for that sec- 
tion. Heavy to killing frosts occurred on the morning 
of the 28th as forecast. Warnings were also issued for 
the frosts in northern New Mexico that occurred on the 
morning of the 28th. 

As special observations received during the 27th indi- 
cated the northeastward movement of the Oklahoma 
disturbance, small-craft warnings were ordered at 3 p. m. 
for western Lake Superior and, as the night observations 
indicated a still further developmentof the cold, high area 
to the northward, northeast storm warnings were ordered 
on Lake Superior from Duluth to Ashland. On the morn- 
ing of the 28th the Oklahoma disturbance was over the 
upper Mississippi Valley, while the secondary one was 
near the mouth of the Rio Grande. Strong, cold, high 
pressure lay like a saddle over the northern disturbance, 
with distinct crests of about 30.40 inches over northern 
Saskatchewan and the territory immediately to the 
southward of Hudson Bay, and there had been also a 
decided fall in temperature to much below normal condi- 
tions through the Plains States and the Southwest, with 
a temperatures continuing in the Northwest and the Far 

est. 

As conditions were now more marked, northeast storm 
warnings were ordered during the 28th for northern Lake 
Michigan, and during the evening of the 28th for the 
remainder of Lake Superior, while at the same time they 
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were continued over western Lake Superior, warnings 
also containing information that snow was probable over 
Lake Superior. Warnings of heavy frosts or freezing 
temperatures were also issued for the Northwestern 
States as far south as Nebraska and northwestern Iowa, 
and they were also repeated for the North Pacific States. 
Snows and winds occurred as forecast on Lake Superior 
and northern Lake Michigan, and on the morning of the 
29th the storm was central over eastern Lake Erie, with 
much diminished intensity, having turned to the east- 
ward after reaching southern Lake Michigan. Snows 
and rains were falling generally from the Ohio Valley 
and the Lake region eastward, and thunderstorms also 
extended into the eastern Gulf States. Over the West and 
the extreme North pressure was high, with abnormally low 
temperatures that had extended by this time into the 
upper Lake region. Frost again occurred in the North 
Pacific States and light frosts as far south as southwestern 
Kansas. In the Atlantic States temperatures were high. 

On the morning of the 30th high pressure prevailed 
tiroughout the country except along the Atlantic coast 
and in the extreme Southwest, but with generally cloudy 
weather and with local rains and snows east of the Rocky 
Mountains. The center of the high pressure was over 
Lake Superior (Port Arthur, Canada, 30.62 inches) and, 
as special observations indicated a rapid clearing of 
weather, frost warnings were issued for the lower Lake 
and southern upper Lake region, the upper Ohio Valley, 
and the Middle Atlantic States. On the morning of May 
1 frosts occurred as far south as Virginia and Kentucky, 
the clearing weather having moved a little farther south- 
ward than had been anticipated. At the end of the 
month fair weather and high pressure prevailed generally, 
except in the extreme Southwest and the extreme Cana- 
dian Northwest, with low temperatures generally except 
in the Pacific States. 


NORTHERN HEMISPHERE PRESSURE DISTRIBUTION. 


The high pressure that had prevailed during most of the 
month of March over Alaska and the Aleutian Islands con- 
tinued during the first two decades of April with some 
diminution in magnitude over the Aleutians and a moder- 
ate increase over western Alaska. After the 10th of 
April moderately low pressure prevailed over the southern 
and after April 20 over the northern and eastern sec- 
tions, but with some recovery during the latter days of 
the month. 

Over the Pacific States there was a rapid alternation of 
high and low pressures, but none were of decided char- 
acter except the low area that prevailed on the Califor- 
nia coast on the 21st and 22d. In the interior, as far east 
as the Missouri River and southward to Texas, high pres- 
sure predominated largely during the first decade of the 
month with a principal crest on the 7th over the Cana- 
dian Northwest. These conditions of high pressure were 
followed by a return to more normal conditions with the 
usual alternation of moderate high and low pressures, 
with the latter predominating somewhat, until the last 
few days of the month, when there was a return to some- 
what above normal conditions. East of the Missouri 
River there were no special features connected with the 
pressure. There were only two quite well-marked dis- 
turbances over the upper Lakes and also one or two fairly 
strong high pressure areas, but nothing of particular con- 
sequence. Over the East and Southeast the storm move- 
ment was somewhat more active, but without any strong 
high-pressure areas following. There was strong storm 
development over the northeastern sections on the 2d and 
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3d, on the 13th, and again during the last two days of the 
month. The Middle and South Atlantic States did not 
exhibit any special changes, and, on the whole, above- 
normal pressures predominated slightly. Over the west- 
ern Atlantic Ocean, as indicated by reports from Ber- 
muda and Turks Island, moderately high pressure pre- 
vailed throughout the month, with a few minor excep- 
tions. Over the eastern Atlantic, as indicated by reports 
from the Azores, similar conditions prevailed except dur- 
ing two days, and on the last day a pronounced disturb- 
ance prevailed. Over the British Islands and Iceland, 
after three or four days of normal conditions, abnormall 

low pressure prevailed, particularly over Iceland, until 
the 14th when there was a return to high pressure for the 
remainder of the month, except over Iceland where it re- 
mained low almost constantly until the last two days of 
the month. Over western continental Europe high pres- 
sure also prevailed generally, except for a few days during 
the first half of the month, and between the 15th and 28th 
high pressure was quite marked over Germany and 
France. Farther northward to the Arctic Circle pressure 
conditions did not differ much from the normal during the 
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first decade of the month, but after that time pressure was 
abnormally low with an occasional reaction toward nor- 
mal conditions. Over eastern Europe there were alter- 
nations of moderate high and low areas during the first 
two decades of the month, but during the third decade 
pressure was generally low with a marked minimum on 
the last day of the month over northern Russia. It 
should be remarked, however, that over southeastern 
Europe there was no low pressure of consequence, moder- 
ately high pressure prevailing generally. Over Siberia 
there was a general tendency toward low pressure with a 
decided fall on the 6th and 7th, and again on the 23d and 
24th. There were no marked high areas after the fifth 
day of the month. The same general conditions that pre- 
vailed over Siberia also extended southward over eastern 
China and Japan. 

Over the North Pacific Ocean, as indicated by reports 
from Honolulu, there was a continuance of the low pres- 
sure of the previous month that lasted until the 19th, with 
quite marked depressions on the 2d and 10th. After the 
19th there was a return to slightly above normal condi- 
tions until the 28th, when pressure again fell to normal. 
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SECTION IV.—RIVERS AND FLOODS. 


RIVERS AND FLOODS, APRIL, 1914. 


By Atrrep J. Henry, Professor of Meteorology, in charge River and 
Flood Division. 


[Dated May 26, 1914.) 


THE MISSISSIPPI BASIN. 


As foreshadowed in the March Review, the annual 
spring rise in the Mississippi did not approach the dignity 
of a flood. Indeed, it would be difficult to point to any 
rise in the Mississippi below Cairo, during the present 
season and identify that particular rise as the annual 
spring rise of 1914. The lower part of the river—Cairo 
to the Passes—is controlled so completely by the Ohio 
that should there be no decided spring rise in that river 
none will occur in the Mississippi. 

The lower portion of the Ohio only was in light flood 
for a period of about one week, in the early part of the 
month. This rise was due to rains which set in over the 
Ohio River and tributaries on March 26. The rise was 
most pronounced in the Evansville (Ind.) district, and 
it also extended down river as far as Shawneetown, III. 
The flood stage at Evansville, 35 feet, was passed on 
the 4th. and the river crested at 38 feet on the 7th. It 
gaa the flood stage shortly after midnight of the 
11th. 

The small flood wave thus created was not augmented in 
the Mississippi—Cairo to the Passes—but there was 
enough water in it to make a technical flood at Arkansas 
City, Ark. (flood stage, 42 feet), where a crest stage of 
43.2 feet was reached on the 28th. Thus ended the 
probability of a flood in the lower Mississippi during the 
spring of 1914. 

Rivers tributary to the Ohio.—The Wabash River was 
at and above the flood stage at Lafayette, Ind., on the 
8th and 9th, and at Terre Haute, Ind., from the 9th to 
the 14th; the crest stage at the latter being 17.1 feet, or 
1.1 feet above the flood stage. While the lowlands along 
the river were inundated, no damage of consequence was 
sustained. In Ohio, owing to moderately heavy rains 
about the 7th the rivers became threatening, and at a 
few points rose to flood stage; but no serious damage 
resulted. 

Western tributaries of the Mississippi.—The Missouri 
was low for the season. The Arkansas was not high at 
any time during the month, but relatively high stages 
were reached in the Red River and its tributaries between 
Shreveport, La., and Denison, Tex., as follows: 


| Flood 
City. Crest. | Date. stage. 
| 
Feet. Feet. 
27.7 | Apr.2,3 28.0 
31.3 | Apr.4..... 28.0 
23.1 | Apr.10.... 29.0 
| 


machinery and equipment of oil wells near Shreveport. 
Loss to crops, owing to the time of year, was insignificant. 


RIVERS OF TEXAS. 


Heavy rains on the headwaters of the Trinity on 
April 22-28 and again on May 2, 3, and 4 caused a 
considerable flood in that river at Dallas, which later 
passed the flood stage, 25 feet, on the night of April 25-26, 
and reached a crest stage of 37.8 feet three days later. 
Much bottom land was overflowed and many bridges 
and culverts were washed out, thus seriously interrupting 
railroad traffic. The only other damaging overflow was 
in the Brazos at Waco. The crest of the flood in the 
Brazos occurred at Waco on the 28th, with a stage of 
28 feet, 6 feet above flood stage. The Guadalupe, 
Neches, and Sabine were bank full in their lower portions 
at the close of the month. Further mention of these 
floods will appear in the May Review. 


RIVERS OF GULF AND SOUTH ATLANTIC STATES. 


Owing to almost continuous and fairly heavy rains 
over the Gulf States from March 25 to April 1 the rivers 
of Mississippi and Alabama exceeded flood stages at a 
number of places during the first week of April. The 
town of Jackson, Miss., was overflowed on March 28 
and again on the 31st by the waters of Town Creek, a 
shallow creek that flows through the center of the town. 
Over 100 business houses were flooded. (A.S, Hall, river 
observer.) The Pearl River of Mississippi was ta flood 
both at Jackson and Columbia, Miss. 

The Tombigbee and Black Warrior Rivers of Alabama 
were both in flood at a number of points along their 
courses in the early part of April, due to the period of 
rains above mentioned. Heavy rains in the upper 
drainage areas of the Santee River system on April 14-15 
caused moderate floods in the Catawba, Wateree, and 
Santee Rivers. The same period of heavy rains caused 
freshet stages in the Pedee at Cheraw, S.C. 


NORTHERN RIVERS. 


Two floods occurred in the Connecticut River, the 
first being in the nature of 2 moderate freshet but 
the second one caused a crest stage of 21.9 feet, 5.9 feet 
above flood stage at Hartford. Both floods were due 
to rainfall in connection with a short period of high 
temperature. The damage was not great. 

The Hudson at Albany and Troy was at flood stage on 
April 9, due to heavy rains and a short period of high 
temperature. A second flood occurred at both places 
on the 21st concurrently with the flood in the Connecticut. 


Flood loss, April, 1914, tangible property, bridges, roads, etc. 


1 Including city of Jackson, Miss. 


| 
: 
| 
The damage caused by this flood was confined mainly to ee 
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Californa.—There is a large amount of well-packed 
snow in the higher mountain regions, containing about 
50 per cent water. The snowfall for April was confined 
to the higher levels and the fall was about normal.— 
G. H. Willson, Local Forecaster. 

Nevada.—The greater portion of the snow on southeast, 
south, southwest, and west slopes has disappeared. On 
northwest, north, and northeast slopes drifts from 10 to 
20 feet deep may be found at the higher elevations. 
Above 8,000 feet there has been but little run-off. Con- 
siderable snow fell during April in the mountains and at 
all levels in northern and eastern portions of the State 
during April.—H. S. Cole, Section Director. 

New Mexico.—The snowfall of the month averaged 4.2 
inches for the State as a whole. This is about an inch 
above the normal for the month and gives a seasonal fall 
of 30.2 inches, which is about 2 inches above the normal. 
The northern mountain areas were well favored with 
snow, the fall over the western slopes of the Sangre de 
Cristo Range being especially heavy. A fair depth 
(good for so late in the season) also occurred in the 
higher districts of Torrance, Lincoln, and eastern Otero 
Counties, while more or less snow fell over the entire 
eastern half of the State, reaching a depth of 4 to 6 inches 
over the higher plateau region of Colfax, Mora, and San 
Miguel Counties. Melting was active after the sharp cold 
period of the first decade, and streams were generally 
much swollen by the close of the second decade.—C. E. 
Linney, Section Director. 

South Dakota.—The average snowfall in the Black Hills 
district was 8.1 inches, the monthly amounts ranging from 
a trace to 36.5 inches. The greatest monthly amount 
recorded was at Hardy Ranger Station, in the southwest- 
ern portion of Lawrence County, and near the Wyoming 
line. Much of the greater portion of the monthly 
amount at all stations occurred after the 15th and there 
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was practically no snow remaining on the ground on that 
date. Much of the snow melted as it fell or soon after; 
the month closing with an average of only about 0.5 inch 
remaining on the ground in that repion, mostly confined 
to Lawrence County. Rain and melting snow during the 
latter part of the month materially augmented the volume 
of water in the Black Hills streams, but there is no snow of 
consequence remaining in the gulches. The irrigation 
reservoirs appear to be well filled. The engineer in charge 
of the United States Irrigation Project at Bellefourche, 
S. Dak., advises that 108,000 acre-feet of water is in stor- 
age in the reservoir of that project, an increase of 14,000 
acre-feet over that on eae g at the close of March and 
probably more than will be used on the Bellefourche 
project during the season of 1914. 

ashington.—There was less than the average snowfall 
and everywhere there was less than the average amount 
of snow remaining on the ground. No snow occurred 
below the 2,000-foot level, and at the higher stations the 
amounts did not exceed 15 inches. 

The total snowfall of the season now ended was the 
least since the beginning of the official record, and is prob- 
ably the least seasonal snowfall in the mountains of this 
section for many years. 


Snowfalls at Laconia, Wash. 


Total 
Years. snow. 
Inches. 


The above records at Laconia in Snoqualmie Pass at an 
elevation of 3,150 feet show the deficiency as compared 
with previous years.—G. N. Salisbury, Section Director. 
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ANNOUNCEMENT. 


RESUMPTION OF SEISMOLOGICAL WORK. 


Authority having been granted by Congress for the 
Weather Bureau to conduct seismological work, to begin 
with July 1, 1914, this work will accordingly be resumed. 

As but limited funds are available for inaugurating the 
work, it will consist at the beginning of a systematic col- 
lection of non-instrumental reports, to be rendered on 
post cards or other appropriate form, giving the essential 
features of such slight earthquakes as are likely to be felt 
in almost any part of the United States. Particular at- 
tention will be paid, however, to the Pacific coast and 
Rocky Mountain regions; the Mississippi Valley in the 
vicinity of Missouri; certain parts of New York State and 
New England, and possibly the region in the vicinity of 
Charleston, S. C. 

It is believed that by the collection and study of nu- 
merous reports of this character it will be possible to lo- 
cate sections of the United States where seismic motion 


on existing fault lines is taking place with some fre- 
queney and regularity. The location and mapping of 
si points of weakness are of great importance in the 
conduct of certain kinds of engineering work, especially 
those relating to great water-supply projects or similar 
agen undertakings where it is necessary to pro- 
vide against injuries resulting from possible earthquake 
motions. 

The development of the work along instrumental lines, 
which will proceed as rapidly as funds permit, contem- 
plates the establishment of a limited number of instru- 
mentally-equipped stations that will serve to yield ree- 
ords not wig of sensible seismic phenomena, but also of 
the great unfelt vibrations resulting from large distant 
earthquakes. 

The seismological work will be under the supervision 


of Prof. William J. Humphreys. 


(. F. Marvin, 
Chief of Burean. 


' 
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SECTION V.—BIBLIOGRAPHY. 


RECENT ADDITIONS TO THE WEATHER BUREAU 
LIBRARY. 


C. Firznueu TatMAN, Junior Professor, in charge of Library. 


The following have been selected from among the 
titles of books recently received as representing those 
most likely to be useful to Weather Bureau officials in 
their meteorological work and studies: 


Almstedt, Karl. 

Die Kilteriickfalleim Maiund Juni. Géttingen. 1913. 32 p.4 pl. 
8°. (Diss.—Géttingen) 

Alsace-Lorraine. Meteorologischer Landesdienst. 

Deutsches meteorologisches Jahrbuch fiir 1912. Elsass-Lothringen. 
Strassburgi. E. 1914. viii, 60 p. f°. 

Amur. Meteorologicheskago bfuro. 

Ezhegodnik [Yearbook], 1909-1912. Vol. 1, pt. 1. Blagovfésh- 
chensk. 1913. xv, 137 f°. [Tables of 3-term daily obser- 
vations, and monthly and annual summaries] 

Ezhegodnik [Yearbook], 1909-1912. Vol. 1, pt. 3. Blagovfésh- 
chensk. n.d. 3p. 1, 159 p. 8°. [Tables of sunshine dura- 


tion} 
ee K. K. Zentral-Anstalt fiir Meteorologie und Geo- 
dynamik. 
"Sebabicion. Jahrgang 1911. Neue Folge. 48. Band. Wien. 
1005... 4. 
Bavaria. K. Hydrotechnisches Bureau. 
Jahrbuch, 1912. 14. Jah . Heft III. Wasserstandsmes- 
sungen. Miinchen. n. d. 16, 159 p. 14 charts. f°. 


Jahrbuch, 1912. 14. Jahrgang. HeftIV. Tiatigkeit und Jahres- 
Charakteristik. n.d. xxviiip. f°. 
Jahrbuch, 1913. 15. Jahrgang. Heft.I. Niederschlagsbeobach- 
tungen. Miinchen. [1914] 13, 231 p. f°. 
Brinkmann, Matthias. 
Beobachtungen und Versuch im erdkundlichen und wetterkund- 
lichen Unterricht. Leipzig. 1913. 2p.1,52p. pl. 8°. 
Buitenzorg. Institut botanique. 
Observations météorologiques. Année 1912. 
12 leaves. f°. 
Burr, W(illiam] W. 
The storage and use of soil moisture. Lincoln, Nebraska. 1914. 


[Batavia] n. d. 


19 p. 8°. (Nebraska. Agricultural experiment station, vol. 
26, article II) 
Courty, F. 


Observation des orages de 1912 dans le Département de la Gironde. 
Essai des paragréles électriques. Bordeaux. 1913. 27 p. 2 
charts. 8°. (Secerait du Bulletin de la Commission météorolo- 
gique de la Gironde, année 1912) 

Observation des orages de 1913 dans le Département de la Gironde. 
Expérience des paragréles électriques. Bordeaux. 1914. 24p. 
pl. 8°. (Extrait du Bulletin de la Commission météorologique 
de la Gironde, année 1913) 

Goetz, E[dmond-Antoine]. 

Dry seasons and droughts in Rhodesia. Salisbury. [1913] v. p. 
8°. (Rhodesia. Department of agriculture, April, June, Aug., 
1913. Bulletin, nos. 141, 149, 150) 

Hartmann, Otto. 

Der Aufbau und Verlauf der Tauflut vom Februar 1909 im bayer. 
Donaugebiet. Ein Beitrag zur Frage tiber die Entstehung und 
den Verlauf der Flutwellen. Miinchen. 1914. 31 p. 5 pl. 
3tables. f°. (Abhandlungen des Kgl. bayer. hydrotechnischen 
Bureaus) 

International conference on safety of life at sea, London, November 
12, 1913, to January 20, 1914. 

Translation of the International convention for the safety of life 
at sea. Washington. 1914. 67 p. [Code for the transmission 
by radiotelegraphy of information relating to ice, derelicts, and 
weather, p. 27-35 

a prediccién del tiempo 4 largo plazo, especialmente en la Argen- 
tina, Buenos Aires. 1913. Be (Publicado en los 
Anales de la Sociedad cientffica Argentina, tomo 76, p. 403 y 
siguientes) 


47672—14——_4 


Korea. Meteorological observatory. 
Annual report, 1912. Chemulpo. 1913. v.p. f°. 
Netherlands. K. Meteorologisch instituut. 
Jaarboek. 64 Jaargang. A. Meteorologie. [Dutch and French 
poet and text] Utrecht. 1913. xxxv, 262p. f°. (Pub. 
no. 97 
Onweders, optische verschijnselen, enz. in Nederland. Naar 
vrijwillige waarnemingen in 1911. Deel 32. Amsterdam. 


1913. 123 p. 8°. (Pub. no. 81) 
Norway. Meteorologiske institut. 

Nedb@griagttagelser i Norge. Middelverdier, maksima og minima. 
(Tillegshefte til aargang 18, 1912) Kristiania. [1914] v. p. 
4pl. maps. f°. 

Russia. {Hydrographic office] 

Sbornik gidro-meteorologicheskikh nablfidenii. [Recueil des ob- 

servations hydro-météorologiques] Fascicule 11. Année 1911. 


S.-Peterburg. 1913. xxxi, 599 p. 4°. 
fascicule des Annales d’hydrographie) 
Sievert, Otto. 
Wetterkunde. Eine Anleitung zu Wetterverstindnis und Wetter- 
voraussage, fiir die Hand des Lehrers und zur Selbstbelehrung. 
= 46 Textfiguren, Karten und Tabellen. Berlin. 1913. 97 p. 


Sverdrup, H. U. 
Ausgedehnte Inversionsschichten in der freien Atmosphire. 

Leipzig. 1914. 75-100p. 8°. (Verdéff. des Geophysikalischen 
Instituts der Universitat Leipzig. 2.Ser. Heft 3) 

Ui y- Instituto meteorolégico nacional. 
atos del observatorio central Montevideo. Afio 1913, [and ‘‘ Rio 
de la Plata. Puerto de Montevideo. Afio 1913”] unpaged. 
mimeographed. f°. 

Carl. 
er Nordpolarforscher, Carl Weyprecht, bearbeitet von E. Ihne. 
Friedberg (seither Darmstadt). 1913. 184 p. front. pl. 8°. 
(Hessische Volksbiicher 17 und 18) —— biography, 
bibliography, selected letters, extracts from diary, addresses, 


(Annéxe 4 la 35 


ete. 
Wiesbaden. Meteorologische Station. 
Ergebnisse der meteorologischen Beobachtungen im Jahre 1912. 
iesbaden. n. d. 52 p. 8°. (Sonder-Abdruck: Jahrb. des 
Nassauischen Vereins fiir Naturkunde in Wiesbaden. 66. 
Jahrg. 1913) 


RECENT PAPERS BEARING ON METEOROLOGY. 
C. Tatman, Junior Professor, in charge of Library. 


The subjoined titles have been selected from tbe con- 
tents of the periodicals and serials recently received in 
the Library of the Weather Bureau. The titles selected 
are of papers and other communications bearing on 
meteorology and cognate branches of science. This is 
not a complete index of the meteorological contents of all 
the journals from which it has been compiled. It shows 
only the articles that appear to the compiler likely to be 
of particular interest in connection with the work of the 
Weather Bureau. 


American geographical society. Bulletin. New York. v. 46. May 
1914. 


Douglass, A. E. Method of estimating rainfall by the growth of 
trees. p. 321-335. 


Engineering news. New York. v. 71. May 21, 1914. 
Bunnemeyer, B[ernard]. The December floods in Texas. p. 1116- 
1121. 
Great Britain. Meteorological office. Geophysical memoirs. London 
No.5. 1918. 


= Ernest. The international kite and balloon ascents. p. 65- 
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Great Britain. Meteorological office. Geophysical memoirs. London. 
1914. 

Dines, W{illiam] H[enry]. The calibration of the balloon meteoro- 
graphs and the reading of the traces. p. 147-152. (No. 6.) 

Dobson, Gordon. A comparison of the electrical conditions of the 
atmosphere at Kew and Eskdale, with notes on observations of 
aie?) electricity made in other countries. p. 155-169. 

7. 
Nautical magazine. Glasgow. v.91. May, 1914. 
Horner, D. W. Some weather problems explained. p. 432-437. 
Physical review. Lancaster, Pa. v.38. May, 1914. 
Taylor, A. H. Radiotransmission and weather. p. 346-352. 
Terrestrial magnetism and atmospheric electricity. Baltimore. v. 19. 
March, 1914. 

Swann, W.F.G. The measurement of atmospheric conductivity, 
together with certain remarks on the theory of atmospheric 
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NOTES FROM THE WEATHER BUREAU LIBRARY. 
By C. Firzaucu Tatman, Junior Professor, in charge of Library. 
NEW WAYS OF STUDYING CLIMATE. 


There has recently been founded at Davos, the well- 
known altitude resort in the Swiss Alps, a private obser- 
vatory that has set a new pace in the study and measure- 
ment of climate. ‘this institution differs widely in its 
aims and equipment from every other observatory in the 
world, and an account of it should be of interest not only 
to the meteorologist and the climatologist but also to 
everyone who is concerned with any of the manifold 
applications of climatology, as the botanist, the zoologist, 
and the agriculturist. Especially, since the climate of 
Davos is renowned for its heoaficial effects on consump- 
tives, should the work of the new observatory interest 
the medical man. 

At Davos, as at all other important health resorts, 
ordinary meteorological observations have been regularly 
made and their results have frequently been discussed 
from the medical point of view. A station of the federal 
meteorological service has existed at Davos since 1867, 
and is one of the best equipped in Switzerland. The 
observations are taken by officials of the Kurverein, and 
the results are posted daily outside the Kurverein build- 
ing. ‘Thus an instructive comparison may be made here 
between the methods of the old and the new climatology 
as exemplified, respectively, in the official meteorological 
station and the newly founded private observatory. 

The existence of the latter was made known to the world 
at large in the year 1911, when its owner, Dr. C. Dorno, 
published a voluminous account of his observations made 
during the three years 1908-1910.! Obliged for family 


1C. Dorno, “Studie tiber Licht und Luft des Hochgebirges,” Braunschweig, 1911. 
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reasons to live at Davos, Dr. Dorno set himself the task 
of studying the previously neglected factors in its climate. 
Ordinary meteorological measurements formed but a minor 
part of the program. His observations related to two 
principal subjects, viz (1) radiation, and (2) atmospheric 
electricity. 

Measurements of the total solar radiation are no 
novelty. Formerly they were made with the now dis- 
credited black-bulb thermometer, and at present they 
are made at a comparatively small number of observa- 
tories with several forms of pyrheliometer. It is well 
known, however, that the various components of solar 
radiation— i. e., radiation of various wave-lengths—exer- 
cise quite different climatic effects, and, moreover, 
undergo different degrees of absorption in the earth’s at- 
mosphere. ‘lhe most refined and detailed measurements 
in different parts of the spectrum are those made with 
the bolometer, but there are several less costly and 
elaborate instruments—none of them in general use by 
meteorologists —for studying particular regions of the 
spectrum. Dorno finds it convenient to measure sepa- 
rately (i) thermal radiation, (2) luminous radiation, (3) 
blue-violet and ultra-violet radiation. For (1) he uses a 
Michelson actinometer, checked by an Angstrém pyrhe- 
liometer; for (2) Weber’s photometer; and for (3) the 
photographic apparatus for the blue- 
violet, or photographically effective rays, and the Elster- 
Geitel zinc-globe photometer for the ultra-violet. The 
latter instrument depends upon the discharge by ultra- 
violet light of a negatively electrified body—the ‘ Hall- 
wachs effect.” Finally Dorno has himself devised an 
ingenious instrument for making a continuous photo- 
graphic record of the length of the ultra-violet spectrum, 
i. e., the value of the shortest wave-length that penetrates 
the atmosphere from the sun. This varies from day to 
day and from hour to hour. 

tt will be impossible within the limits of the present 
note to record all the interesting results attained through 
Dorno’s novel and versatile observations, but we may 

ause here for a moment to mention a few things that he 

as found out, as a result of the measurements above 
mentioned, about the true inwardness of the famous 
Davos sunshine. This important therapeutic element 
varies greatly in quality with the season. The winter 
sun has great heat for the season, but very little ultra- 
violet radiation. The spring sun has the greatest heat, 
with slightly enhanced ultra-violet. The summer sun 
has great heat and the strongest ultra-violet. The 
autumn sun has great heat and but slightly diminished 
ultra-violet. Thus there is a very marked difference 
between spring and autumn at Davos as to the intensity 
of the ultra-violet radiation, a fact of much therapeutic 
importance. In commenting on Dorno’s results Dr. 
Gockel has recently suggested that we have here an 
explanation of the so-called ‘‘glacier-burn,” experienced 
by the invalids at Davos only in summer—it is probably 
due to the intense ultra-violet radiation. Dorno also 
finds that the heat of the sunshine at Davos varies quite 
regularly with the sun’s angular altitude; that its lumi- 
nosity varies somewhat with season and other conditions ; 
that its photographic intensity (blue-violet) is still more 
influenced by atmospheric conditions, and bears com- 
paratively little relation to the sun’s altitude; and, my 
that the ultra-violet radiation undergoes a hundredfold 
more variation than the heat, and, as stated above, varies 
greatly with the season; so that a — day in summer 
may give as much as a whole month in winter. The 


applications of such facts must be left to the biologist, the 
physiologist, the therapeutist; they can hardly fail to be 
of great value. 
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We can only briefly mention some of the other lines 
of investigation carried on at this unique observatory. 
Dorno’s book on the subject is a mine of information and 
especially of suggestion, from which each reader will pick 
out the facts that bear upon his own particular sphere of 
interest. 

As to radiation, the direct rays of the sun are only 
part of the problem. The combined radiation of sun and 
sky is measured at Davos, especially as to luminous and 
photographic intensity. In this connection several inter- 
esting facts have been brought to light; e. g., the com- 
paratively small luminous but great photographic inten- 
sity of the diffuse blue light of the sky. Studies are also 
made of the color-composition of the light (red and green). 
Finally, the effects of different degrees of cloudiness are 
measured. All these observations are carried out with 
apparatus devised by Prof. Weber of Kiel. Nocturnal 
radiation from the earth is measured with A. K. Ang- 
strém’s ‘‘tulip” apparatus. 

The observations in atmospheric electricity include 
measurements of potential gradient, conductivity, the 
earth-air current (deduced from the two preceding), dissi- 
pation, and induced radioactivity, according to methods 
developed in very recent times, but presenting no novel 
features to persons familiar with contemporary (mainly 
German) literature on this subject. Benndorf electro- 
meters are used, wherever appropriate, to secure con- 
tinuous registration. Dorno Hit from his observa- 
tions various conclusions as to the relations of electric 
phenomena to the therapeutic features of the Davos cli- 
mate—e. g., the relation between electric conductivity 
and the purity of the air; the stimulating effect of the 
earth-air current; and the probable physiological influ- 
ence of the greatly increased conductivity observed during 
a foehn wind—for the details of which the reader must 
consult his work above cited.’ 

Several subsidiary lines of work that we have not space 
to mention are carried on at the observatory. A list of 
its instrumental equipment reads like the catalogue of a 
meteorological museum, including some forms of appa- 
ratus that are not familiar even by name to most meteor- 
ologists—such as Frankenhiuser’s homceotherm, for meas- 
uring the cooling effect of the atmosphere; Wolpert’s 
carbacidometer, for determining the amount of carbon 
dioxide; and the Engler-Sieveking fontactoscope, for 
measuring the radioactivity of springs. 

From the Zeitschrift fiir Balneologie for April 15, 1914, 
page 54, we learn that institutions more or less analogous 
to Dorno’s observatory are to be established under official 
auspices at Kolberg, a seashore resort on the Baltic, and 
at Oberhof in the Thuringian Forest, which is intermediate 
in altitude between Davos and Kolberg. ‘This is part 
of a program which contemplates elaborate physical, 
meteorological, physiological, and ouytiainieel investi- 
gations of climate at a tae number of German health 
resorts, to be carried out under the direction of Drs. Hell- 
mann, Zuntz, and His. 

In all this we have a signal recognition of the in- 
adequacy of the existing data of meteorology for many, 
if not most, of the purposes of medical climatology. 


‘‘oTrRAYS’’ IN RADIOTELEGRAPHY. 


A condition of the ether characterized by the occur- 
rence of erratic signals in wireless telegraphic receivers 
due to natural electric waves is perhaps best known to 
American operators under the name of ‘‘static.’”’ These 


? The medical reader should also consult Dorno’s *‘ Vorschliige zum systematischen 
——— des Licht- und Luftklimas,”’ in Zeitschrift fiir Balmeologie, May 15 and June 
, 1912. 
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waves, or their effects, have been variously known as_ 2 coherer in order to follow the motions of lightning storms across the 
“strays,” “‘statics,” ‘‘atmospherics,” and ‘‘X’s.” In country. A filings coherer was used, and was automatically tapped 


: back after registering the effect of each lightning stroke. In 1898 
France they are often called parasites. Boggio Lera improved on Popoff’s apparatus as regards sensitiveness 


This subject is of meteorological interest for the reason, and arranged that feeble and strong disturbances should be recorded 
among others, that ‘‘strays’’ are produced by lightning — separately. His experiments with this apparatus in 1899 showed that 
discharges, and furnish a means + observing the occur- the approach of electrical storms was heralded by frequent operation of 


; : the apparatus several hours in advance of their arrival in the locality 
rence and movements of distant thunderstorms. Thus  6f the observing station and showed also that every visible flash oper- 


we have several forms of thunderstorm-recorders, some of ated _the apparatus infallibly. These results were confirmed in 1900 
which (‘‘ceraunographs’’) inscribe an automatic record, by Tcmmasina, using his carbon autodecoherer. In 1901 Fenyi 


while others (‘‘ceraunophones”’) are fitted with telephone showed that the thunderstorms occurring within 100 kilometers of his 
* : ate > station at Kalocsa, Hungary. were all recorded by his coherers. Finally 

receivers for producing audible signals. Most of the Turpain, in 1903, made a long series of observations which proved the 

existing literature on thunderstorm-recorders conveys _ possibility of utilizing radiotelegraphic apparatus in the forecasting of 

the impression that all of these natural signals are due to _ thunder weather for hours and even days in advance, 

lightning, either near or distant, but the trend of opinion But even when there is no thunder weather recorded over the whole 


. . . . 2 i continent of Europe and the adjacent seas, X’s may be received almost 
among special students of this subject, is now toward the verpetually by a receiving antenna adjusted to a great wave length. 


belief that ‘‘strays” are of various origin, in part extra- This is quite a distinct matter from the X's due to local atmospheric 
terrestrial. electricity utilizing the antenna as a lightning rod and different again 


Perhaps the most active student of these phenomena ig from the hum or sizzle or fizz caused by a white squall at sea or by 


. . ™ . glow discharge te high peaks. These perpetual strays are character- 
Dr. W. Eccles who, in collaboration with H. M. Airey,  jp¢q by the fact that they are heavier and more frequent, in general, 


published an important paper on the subject, ‘‘Note on the longer the wave to which the receiving antenna 1s adjusted, so far 
the Electrical Waves Occurring in Nature,” in the pro- as has been = up to the present. It is natural = it is not scientific 
ceedings of the Royal Society, series A, vollume 85, 1911, {jump the conclusion Hat thes says are all de 
pages tov. | fvecently the british association Nas ap- surface, or possibly in the free atmosphere between one bank of ionized 
ointed a committee, of which Dr. Kccles is secretary, to air and another. "This, however, ignores the possibility that the source 
investigate these and other obscure phenomena connected of the strays may be far outside the earth. There is nothing unreason- 
with radiotelegraphy able in supposing that the sun, let us say, may send us occasional electric 
Si ‘ rs waves. For example, in the colossal movements of matter associated 

In the Yearbook of Wireless Telegraphy and Te- with the fcrmation of a solar prominence—movements that appear to 


lephony (London) for 1914, Dr. Eccles ublishes an take place with enormous velocities—electric discharges may be brought 
account of the investigations undertaken by this com- about of magnitude far transcending anything that can happen on the 

rats . 1e earth in perceptible intensity and constitute a proportion ot our 
have been distributed to wireless operators throughout strays. On the i a hand, we must not forget that ts “ the earth’s 
the world who are cooperating in the work of the com- surface may be protected by cur ionized atmosphere from these extra- 
mittee. In the United States observations are being terrestrial waves. It is just such problems as these that the British 
made by the Signal Corps of the Army and also at cer- Association Committee has set itself to inquire into. 


tain universities. The following quotation from Dr. The writer further explains that three kinds of strays 
Eccles’s paper represents the existing state of knowledge are commonly heard during the telephonic reception of 
in regard to ‘‘strays’’: signals. One is a more or less prolonged rattling or 


These natural electric waves cause erratic and troublesome noises grinding noise (‘‘grinders’’); another kind consists of 
in the telephone receivers of a wireless telegraph station or cause sharp isolated knocks (‘‘clicks’’); and a third consists 
grate and config on the ape of and set; of buzzing or frying noise or “‘sizle”), and 

a wireless operator for even a brief interval. For brevity ew were 18 Often heard during a white squall. A period of — 
christened “strays”? or “X’s” in the years 1897. 1898, and 1399 in Sually loud or numerous strays is known as an ‘‘ X”’ storm. 
England and were later given the name “atmospherics” in the United In the scheme of codperative observations, since the 

cad does to with the length to which the recelving apparatus 
as regards their origin. The much-used word “atmospheric” suggests 15 adjusted, observations are requested especially on two 
that they are wholly due to discharges of atmospheric electricity, and Wave lengths, viz, about 600 meters and about 2,000 
often. ‘Fem the point of view of brevity “Xs” is the best term, but ratus are requested to adc records made with about 5,000 
it is not quite accurate. On the whole, from the point of view of | Meters wave length. Observations are especially desired 
priority, of accuracy, of freedom from ambicuity, and of the absence at 11 a.m. and 11 p. m., Greenwich mean time, as simul- 
of bias—not to mention reasonable brevity—the writer favors the term taneous observations in various parts of the world will 

stray’’ as the best short term for a natural electric wave train, with indicate whether particular cases of strays may be of 


“X’’ as a good variant. The latter term may be heid to include, as 
“stray’’ does not, the noises caused by discharges of local atmospheric  W orld-wide or widespread occurrence, pointing to acosmical 


electricity down the antenna. origin. Observations are also desired about the transi- 
Now, to the scientific mind, the chief claim of strays to promptness tion time between daylight and darkness. The forms 


of attention is that nobody knows completely what they are or whence ee addaaet . . . 
they come. The study of strays was begun by Popoff shortly before furnished to observers call for information regarding 
the rise of practical wireless eta S In 1895 Popoff made use of 
a long vertical conductor (such as a 


various concomitant meteorological phenomena, such as 
ightning rod) in combination with the kind of clouds, wind, barometer, temperature, etc. 
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SECTION VI.—WEATHER AND DATA FOR THE MONTH. 


THE WEATHER OF THE MONTH. 
By P. C. Day, Climatologist and Chief of Division. 


Pressure.—The distribution of the mean atmospheric 
pressure over the United States and Canada, and the 
prevailing directions of the winds, are graphically shown 
on Chart VII, while the average values for the month at 
the several stations, with the departures from the normal, 
are shown in Tables I and III. 

For the month as a whole barometric pressure was 
above the normal over practically all districts, only the 
Florida Peninsula, the central and southern Plateau re- 
gion, and along the central and south Pacific coast show- 
ing values near the normal or slightly below. The great- 
est positive departures occurred in the central and upper 
Missouri Valley. 

The month opened with relatively low pressure pre- 
vailing over the eastern districts, while barometric read- 
ings were correspondingly high over the Rocky Mountain 
and Plains regions. A low-pressure area moved from 
Oregon to Texas on the 9-11th and during the next few 
days an extensive area of high pressure prevailed over 
the central valleys and to the eastward. About the 16th 
a barometric depression of considerable magnitude devel- 
oped over the Plains region, and moving thence north- 
eastward during the next few days disappeared off the 
New England coast about the 2Ist. From the 22d to 
24th pressure was again high over eastern districts, but 
the remainder of the month was characterized by unset- 
tled barometric conditions and generally showery weather 
over the greater portion of the country. 

The distribution of the highs and lows was favorable 
for the occurrence of southerly winds as prevailing direc- 
tion over the southern portion of the central and eastern 
districts and from a northerly or westerly direction over 
the northern portion, while the prevailing directions were 
variable from the Rocky Mountains westward. 

Temperature.—At the beginning of the month moder- 
ately warm weather obtained over nearly all portions of 
the country, but after the first few days temperatures 
fell to below the seasonal average over the eastern dis- 
tricts, and by the 9th they had fallen to the freezing point 
as far south as the interior of the Gulf States and were 
as low as 20° in the Panhandle of Texas. Still lower 
temperatures followed and by the 11th they were from 
10° to 15° below freezing generally in the middle Plains 
region and the Missouri Valley, and by the 13th they 


were below zero at exposed points in New England. 
About the 15th warmer weather set in and tempera- 
tures became high for the season of the year to westward 
of the Rocky Mountains and generally above normal in 
most districts to the eastward. There was a tendency to 
colder weather in the latter districts about the beginning 
of the third decade, especially in the Lake region, Ohio 


Valley, and Appalachian Mountain districts, the temper- 


ature falling to the freezing point as far south as central. 


Indiana and at points in the southern Appalachian Moun- 
tain region, the minimum temperature on the morning of 
the 21st was near the lowest ever recorded in that region 
during the third decade of April. At the same time tem- 
peratures were rising in the western districts, and by the 
25th they were above normal over nearly all portions of 
the country east of the Rocky Mountains, except alon, 
the north Atlantic coast. During the last few days o 
the month cool weather prevailed over northern districts, 
while in the central valleys and Southern States temper- 
atures were moderately high for the season. 

For the month, as a whole, the temperature averaged 
above the normal in all districts to westward of the Rocky 
Mountains and also in the Missouri, central Mississippi, 
and Ohio Valleys, as well as in the Middle and South At. 
lantic and east Gulf States, although the departures were 
not pronounced. The greatest plus departures occurred 
along the Pacific and South Atlantic coasts. In the 
lower Mississippi Valley, the west Gulf and southern 
Plains States the mean was somewhat below the normal, 
as it also was in the extreme upper Mississippi Valley, the 
Lake region and the North Atlantic States. 

Precipitation—The generally rainy condition prevail- 
ing during the latter part of March over the eastern dis- 
tricts continued during the first few days of April, and 
about the 6—-9th a storm moved from western Texas 
northeastward to the New England coast, accompanied 
by more or less precipitation from the middle and 
southern Plains region eastward. Again, about the 11- 
12th moderate rains were quite general from Texas east- 
ward and northeastward to the Atlantic coast, turning 
into snow in the upper Lake region. Over the Rocky 
Mountain region cad to westward precipitation during 
the first decade was light and local, except for some mode- 
rately heavy falls near the end in northern California 
and portions of Oregon and Washington. 

About the 14-16th considerable rain occurred over the 
Gulf and Atlantic Coast States, and as this storm moved 
to sea another was developing in the Great Plains region, 
which caused precipitation over much of the Plains coun- 
try from Texas to the Dakotas and to the eastward. 
About the 22d rains set in over Texas and other portions 
of the Southwest, and during the next few days precipita- 
tion occurred over much of the Plains region, upper Mis- 
sissippi Valley and portions of the mountain and plateau 
districts to the westward. During the remainder of the 
month showery, unsettled weather prevailed over most 
of the country. 

Forthemonth, asa whole, precipitation was quiteheavy, 
ranging from 6 to 8 inches in portions of Texas and the 
lower Mississippi Valley, while amounts ranging from 4 
to 6 inches occurred in the upper Ohio Valley, Pennsylva- 
nia, New York, and New England, Generous amounts 
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were received in the upper Mississippi Valley, and also 
quite’ generally from the Rocky Mountains westward to 
the Pacific the amounts were above normal, except in 
California, where they were mostly below the average. 
Precipitation was below normal in the lower Ohio, middle 
Mississippi, and Missouri Valleys, as well as in the central 
Plains States, and it was light and less than the average 
for the period in most of the eastern Gulf and South Atlantic 
States, except the Florida Peninsula, where more than 
the normal amount was received. 

Snowfall —Considerable snow fell during the month in 
New York and northern New England, the amounts rang- 
ing as high as 17 inches at points in New York and 25 
inches in northern Maine. From 4 to 5 inches occurred 

_in the lower Lake region, while from 16 to 18 inches were 
received in upper Michigan, and amounts ranging from 1 
to 4 inches were the rule over the northern tier of States 
to the westward. At the higher elevations of the West 
considerable snow appears to have fallen, especially in 
the central portions, with recorded amounts ranging as 
high as 35 inches in southwestern South Dakota and Colo- 
rado. 


GENERAL SUMMARY. 


During the first half of the month the weather was un- 
seasonably cold over practically all portions of the 
country from the Rocky Mountains eastward, and as a 
result the season’s progress was materially delayed, but 
over the far Western districts these conditions were re- 
versed and the season was well advanced. The latter 
half of the month was more favorable as to warmth over 
eastern districts, with temperature quite generally above 
the normal, but at the close the season, as a rule, was late 
and vegetation retarded. 

Throughout the principal corn and winter wheat grow- 
ing States conditions were favorable for wheat, especially 
in the western sections, where beneficial rains afforded 
ample moisture, as was also the case in the spring wheat 
States. Over the eastern portion of the cotton belt con- 
ditions were favorable for much outdoor work, but in 
portions cf the western belt heavy rains greatly inter- 
fered with farming operations. 

In Alaska temperatures during the month were fre- 
quently higher than usual at points from which reports 
have been received to date, and the mean was quite gen- 
erally from 2° to 6° above normal. Precipitation was 
near the normal amount at most points, the totals along 
the south coast being somewhat above normal, but 
with considerable minus departures along the coast of 
the Gulf of Alaska. 
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Average accumulated departures for April, 1914. 


Temperature. Precipitation. | Cloudiness. humidity. 
Districts. 8° | 88/58 | 
Sh £8 SEE Seles 
O2105 oO oO o2|o 
oF, | °F. | °F, Inches Inches. Inches. P.ct.| P.ct. 
New England...... 41.4) —2.1\— 7.9) 4.25) +1.20/ +0.20 6.0) 40.5 75} +2 
Middle Atlantic....| 50.0] —0.5\— 4.8, 3.32) +0.30} —0.30 5.8) +0.6) 69, +2 
South Atlantic..... 62.9) +1.6)— 1.7; 2.60) —0.80) —3.10 4.9) 72 0 
Florida Peninsula...) 73.8) +1.0.— 4.4) 3.23 41.30! 40.10 +0.8) +3 
East Gulf........... | 65.3) +0.7— 3.3) 2.92) —1.20, -1.60 1) +0.2; 69 
64.3) —1.4,— 0.3) 4.65 +1.20) —1.00 5.8) +0. 7| 73) +1 
Ohio Valley and | | | | 
Tennessee........ | 54.5) —0.2)— 3.6) 3.62) 0.00) —3.10, 6.3) +1.0 68 + 3 
Lower Lakes....... | 43.4) —1.7\— 7.0) 3.71) +1.40) +1.00 6.5 +0.8) 74 
Upper Lakes....... | 39.3) —1.5— 2.3) 3.03 +0.70) —0.230 6.1) +0.6 74 
North Dakota......; 40.9) +0.2\+ 9.7, 1.38) —0.50) —0.7 5.9 +0.6, 69, +1 
lps Mississippi | | | | | | | 

| 50.5; 0.0'+ 4.5, 2.40, —0.60] —2.00| 6.3) +1.1) 68 0 
Missouri Valley..... 51.0} +0.5'4+ 9.6 2.30 —0.80/ -1.10 5.7] +0.1] 65 0 
Northern slope... .. 44.0) +1.2 413.1) 1.73, —0.10] —0.80 6.5) 41.4) 66, +8 
Middle slope........} 53.0, —0.7+ 9.7] 2.30, 0.00, —1.00 5.4 +0.8 66) +9 
Southern slope...... 61.5) —0.9|/+ 7.3} 2.33] +0.40) —1.90 4.6 —0.1) 58! +3 
Southern Plateau...; 58.4) +0.5+4 5.1) 0.29 —0.10 —0.60 3.3 +0.5) 42) +12 
Middle Plateau. .... 49.6) —1.1/4+ 8.1) 1.32) +0.20) +0.40 5.7) +1.2! 546 + 9 
Northern Plateau...} 50.4) +1.4/+15.2) 1.64 +0.30' —0.40 6.4 +1. 2) 59} +2 
North Pacific. ...... 50.4) 3.47 +0.10) +1.60 6.2 0.0 81; —10 
Middle Pacific. ..... 55.6| +2.0'+ 9.4! 1.56) —0.50) 0.00 4.6 40.2) 71) —1 
South Pacific....... 60. 8) +2.8 +14.6 0 65) —0.40, +4.20 4.4 +0. 4) 69, +1 

Maximum wind velocities during April, 1914. 
Ve- 
Stations. Date.) loc- — Stations. Date. loc- | Diree- 
| ity. ion. ity, | tion. 
Mijhr i| Mi/hr 
Block Island, R.I...| 12 od | nw, || New York, N. Y... 1) <0 | nw. 

15 58 | ne. 22; | nw. 
Buffalo, N. Y....... 9} 58|w. > 

12 54.) w | North Head, ash.. 4 62 | se. 

18 50} sw iy 13 50 | se. 

19 54 | sw } 14 56 | s. 
12 56) sw Pierre, S. Dak...... ; 18 52 | nw. 
Cheyenne, Wyo..... 17 50 | n. i Point Reyes Light, | | 

23 60 | w. 5 65 | nw. 
Del Rio, Tex....... 25 52 | sw. i Do. | 16) 64] nw. 
Devils Leke,N.Dak.} 18 | 52] n. 19] nw 
Duluth, Minn...... 28 51 | ne. 20 6&8 | nw 
Tet....... 16 50 | sw. | 24] 59 | nv 
Fort Smith, Ark....} 24 50 | sw. } 25] 68] nw 
Lincoln, Nebr....... 19 55 | nw. 27 | nw 
Louisville, Ky. 18 58 | | &2 nw 

|| Pittsburgh, Pa..... | 19 61 | sw. 
9 50 | sw. || Providence, R.I....| 12) 67] nw. 
15 €4 | nw. |} 22} 50] nw. 
16 68 | nw Pueblo, Col......... 16 50 | w. 
2 | 88 | nw 23; 50] nw, 
26| 84 | nw || St. Louis, Mo...... | 18| 58 | Sw. 
27| 62|nw. || Seattle, Wash.......| 26| 55 | sw. 
28| 58] nw. }| Sioux City, Iowa...) 10 52 | nw. 
29; 52/n. 19) 52| nw. 
1 50 w. || Tatoosh Island, | | | 
58) nw. 13] 50] s. 
68] nw. | 54] s. 
9 61 | nw. 19} 0} s 
52 | nw Toledo, Ohio....... 98 51 | sw 
| 19} 52] sw 
Nashville, Tenn.... 14; 50] ne. Trenton, N. J...... 2 50 | w. 
New York, N. Y.... 2; 56] nw. Wichita, Kans..... 18 52 | nv 
12; 62) nw | 


CONDENSED CLIMATOLOGICAL SUMMARY. 


In the following table are given for the various sections 
of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the 
stations reporting the highest and lowest temperatures 
with dates of occurrence; the stations reporting the 
greatest and least total precipitation, and ses data, as 
indicated by the several headings. 

The mean temperature for each section, the highest 


and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by 
using all trustworthy records available. 

The mean departures from normal temperatures and 

recipitation are based only on records from stations that 
ter 10 or more years of observations. Of course, the 
number of such records is smaller than the total number 
of stations. 


) 


perature, total precipitation and depth of snowfall, and 
the respective departures from normal values, except in 
the case of snowfall. 

Chart I.—Hydrographs for several of the principal 
rivers of the United States. 

Chart IJ.—Tracks of centers of high areas; and 


Chart V.—Percentage of clear sky between sunrise and 
sunset. The average cloudiness at each Weather Bureau 
station is determined by numerous personal observations 
between sunrise and sunset. The difference between the 
observed cloudiness and 100 is assumed to represent the 
percentage of clear sky, and the values thus obtained are 
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Temperature and precipitation by sections, April, 1914. 
Temperature (°F.). Precipitation (inches and hundredths). 
Monthly extremes. | Greatest monthly. Least monthly. 
8 | Station. Station. | 3s Station. 3 Station. 
Alabama............. 63.8 | +0.8 | 3stations........... 91 | 17+¢| Cordova............ 25 | 10 || 3.84 | —0.15 | Talladega............ 6.40 | Alaga........... 0.88 
Arizona.............. 61.0 | +1.7 | Maricopa ........... Oe se 16 | 18 || 0.20 | —0,29 | Whitehills...........| 1.38 | 29 stations............ 0.00 j 
Arkansas............. 61.0 0.0  Centerpoint......... 16 | Dutton............. 19 9 || 4.57 | +0.15 | Hot Springs......... 11.29 | Bentonville.......... 1.99 tay, 
California............. 56.6 | —0.4 | 2stations........... 105 | 15f; Summit............ 15 | 28 |} 2.14 | +0.35 | Crescent City......... 9.85 | 6 stations............. 0.00 
95 | 21 | Fraser.. | 11 || 2.45 | +0.77 | Monument........... 5.80 | 0.54 
Florida............... 71.1 | +1.6 | 98 | 26 | Molimo............. 32 | 10 || 2.42 | —0.49 | Fort Lauderdale..... 10.51 | Live Oak............| 0.18 
64.9 | +1.7 | 2 stations... 97 | 28t; Ramhurst.......... 27} 10 || 2.70 | —0.85 | Tallapoosa........... 6.86 | Bainbridge........... 0. 46 
Hawaii (for March). ..| 68.2 |....... Mahukona..........! 89 | 24} Volcano House..... 45 Waiakamoi.......... 23.12 | West Lawai.......... 2.39 
47.4 | +13 | —2 7 || 1.73 | +0.36 | Castle Creek.......... 4.69 | Bonners Ferry....... 
51.9 | +0.1 | Shoals............... | 95 Collegeville......... 13 3.16 | —0.20 | 4.98 | Whiting.............- 0.77 
48.6 | —0.1 | 4stations............ | 88| Lake Park......... 8 2.52 | —0.34 | Jefferson............. 5.03 | Centerville........... 0.37 
57.4 | +0.2 | Farnsworth......... 9) 8 || 1.76 | —0.79 | Columbus............ 4.03 | Hutchinson.......... 0.10 
Kentucky ............ 55.7 | —0.2 | Beattyville.......... | 91] 28} Beattyville.........| 13 | 10 || 3.62 | —0.45 | Middlesboro.......... 6.23 | Williamstown........ 1, 83 : / 
66.8 | —0.6 | 16f| 7 stations........... 32 6.10 | +1.80 | Merryville...........| 19.42 | Paradis.............. 2. 55 
Maryland and Del....) 51.6 | —0.5 | Cumberland......... $1218 15 | 6 || 3.82 | +0.47 | State Sanatorium....| 6.48 ; Solomons............} 1.87 
Michigan............. 41.4] —0.9 | Midland.............| 89 | 18 | Watersmeet........ —65 8 2.92 | +0.65 | Whitefish Point...... 8.03 | Port Austin.......... 0.29 sad ee 
Minnesota............ | 91 | 17 | 2stations........... 2| 2.41 | —0.47 | Caledonia............ 4.66 | Roseau............... 0.08 
Mississippi........... 64.0 | —0.4| Tchula.............. | 27 | 10 || 4.67 | +0.17 8.67 | Hernando............ 2.64 
55.2 | +0.1 | Steffenville.......... | 91] 26 | Goodland.......... 18/ 9 || 3.14) —0.74 | Birchtree............. 7.58 | Caruthersville........ 0. 81 
| 42.06 1 | 851 16.1 Zetations.......... 2 1.13 | —0.01 | Flathead Creek....... | 0. 00 
49.5 | +0.4 | 2stations........... 95 | 9+ Hillside............ 1| 8 || 2.47 | +0.07 | Lodgepole............ | 0. 63 
49.2 | +0.3 | Las Vegas........... 5 3 || 1.23 | +0.32 | Eureka..............! 3.57 | Battle Mountain. 7. 
New England........ 40.8 | —2.3 | 2stations........... 88 | 19f] 2 stations..........)- 3 4f| 4.66 | +1.72 | Benton, N. H........ 11.18 | Houlton, Me. 1.27 
NOW JOTS0y........--- 48.4 | —0.7 | Moorestown......... §9 | 19 | Culvers Lake....... | 15| 4] 3.67 | +0.18 | Charlotteburg........ 4.78 | Lambertville. 2.35 ; 
New Mexico.......... 51.9 | +0.4 | 2 stations............ 93 | 15t| Elizabethtown.....) 7 8 || 1.53 | +0.31 | Clayton ..| 7.04 | 15 stations.. 0.00 
Ue ae 41.4 | —2.5 | 3 stations............ 86 | 19 | Lake Placid Club...— 1 4 |, 4.60 | +1.75 | Greenfield Center. 7.75 | New York. 2. 67 
North Carolina.......| 58.5 | +1.2 | Montrose 97 | 29 Banner's Elk. -| 17| 10} 3.68 | —0.14 | Highlands... 7.53 | Montrose... 1.50 
North Dakota... -| 40.9 | —0.5 | ‘Turtle Lake 84 | 26} Dunseith... a 7 || 1.66 | +0.39 | Power...... 4.10 | 2 stations... 0.20 
ee .| 50.1 | +0.4 | 2 stations.... 91} 28 .| 12 9 || 4.01 | +1.08 | Hudson 6. $3 | Circleville. . 2.42 : 
Oklahoma..... -| 59.4 | —0.6 | Frederick 97 .| 14 8 |, 2.54 | —0.52 | Idabel...... -| 6.62 | Hurley..... 0. 80 AA 
Oregon........ .| 50.0 | +1.6 | Grants Pass 84 .| 12} 28 || 2.71 | +0.44 | Waldo Lake.. .| 10.02 | Bear Valley 0.33 
Pennsylvania. . -| 47.3 | —0.9 | 2 stations 93 Le. 6 || 4.66 | +1.47 | Somerset..... -| 7.60 | Lioyd........ 1.90 A 
Porto Rico.... 93 | Maricao....... .| 11 |) 4.41 | —0.53 | Inabon Falls.........| 12.25 0.24 
South Carolina. -| 63.7 | —1.4 |..... 98 | 26 --| 10!) 2.86 | —0.01 { Clemson College...... 5.58 | Winnsboro. .......... 0. 65 re 
South Dakota... -| 45.4 | —0.1 | La Delle............. dh oe EE 7 2 8 || 2.69 | +0.81 | Dumont............. 6.14 ae 0.61 
Tennessee............ 59.0 | +0.9 | Johnson City........ 18 | 10 4.11 | —0.40 | London.............. 7.45 | 2.29 
64.8 | —1.4 | Seymour............ 101 | 16 | Claytonville ....... | 18| 9 4.28 | +1.45 | Angleton ............ 15.16 | Barstow ............. 0.00 
49.1 | +1.3 | St. George.......... | 14] 20] 1.94 | +0.44 | Farmington.......... 4.80 | Thompsons.........- 
54.3 | +0.5 | Petersburg.......... 95 | 29 Burkes Garden..... 14 10 || 2.61 | —0.79 | Winchester........... 5.04 | Ashland.............. 1.03 
Washington. ......... 50.4 | +2.1 | 2stations........... 85 | 11] Antoine............ | 16 1 2.4901 40.40 | vol: | 0.00 
West Virginia........ 52.1 | +0.7 | Spencer............. 93 | 28 | 3stations..........| 16]  6f/| 4.63 | +0.83 | Pickens.............. 10.05 | Bluefield............. 1.29 
42.1 | —1.4 | Museoda............ 84| 26 | Vudosare........... 4| 6 || 2.82 | —0.09 | Glen Flora........... 5.04 | Beloit...............- 1.10 
40.2 | +0.4 | Wheatland.......... 15 | ke 8 1t|| 2.37 | +0.96 | Dome Lake.......... 6.90 | 0.20 
Other dates also. 
DESCRIPTION OF TABLES AND CHARTS. Chart III.—Tracks of centers of low areas. The roman 
© We A her Bi °- The figures within the circles show the days of the month; 
red ‘fifth at 8 a.m. and p. m., seventy-fifth meridian time. With- 
any The f th “ers in each circle is also given (Chart I) the last three figures 
ne or i= of the highest barometric reading and (Chart II) the 
Ih the intensity of lOWest reading reported at or near the center at that 
Blves a record oF precipitation the intensity time, and in both cases as reduced to sea level and stand- 
which at some period of the storm’s continuance equaled 34g gravity 
or exceeded the following rates: Chart IV.—Total precipitation. The scale of shades 
Duration 1389 Showing the depth is given on the chart. Where the 
ates per hour (inches)......... ‘ -08 1. . 94 0.90 0. 87 0. 
“i nian monthly amounts are too small to justify shading, and 
In cases where no storm of sufficient intensity to en- over sections of the country where stations are too widely af 
title it to a place in the full table has occurred, the great- separated or the topography is too diversified to warrant 
est precipitation of any single storm has been given, also reasonable accuracy in shading, the actual depths are Si 
the greatest hourly fall during that storm. given for a limited number of representative stations. : 
Table III gives, for about 30 stations of the Canadian Amounts less than 0.005 inch are indicated by the letter 
Meteorological Service, the means of pressure and tem- TT, and no precipitation by 0. hee. 


é 
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the basis of this chart. The chart does not relate to the 
nighttime. 

Chart VI.—Isobars and isotherms at sea level and pre- 
vailing wind directions. The pressures have been re- 
duced to sea level and standard gravity by the method 
described by Prof. Frank H. Bigelow on pages 13-16 of 
the Review for January, 1902. The pressures have also 
been reduced to the mean of the 24 hours by the appli- 
cation of a suitable correction to the mean of the 8 a. m. 
and 8 p. m. readings at stations taking two observations 
daily, and to the 8 a. m. or the 8 p. m. observations, re- 
spectively, at stations taking but a single observation. 

e diurnal corrections so applied will be found in the An- 
nual Report of the Chief of the Weather Bureau, 1900- 
1901, volume 2, Table 27, pages 140-164. 

The isotherms on the sea-level plane have been con- 
structed by means of the data summarized in chapter 8 
of volume 2 of the annual report just mentioned. The 
correction t,—t, or temperature on the sea-level plane 


Aprit, 1914 


minus the station temperature as given by Table 48 of 
that report, is added to the observed surface tempera- 
ture to obtain the adopted sea-level temperature. 

The prevailing wind directions are determined from 
hourly observations at the great majority of the stations; 
a few stations having no self-recording wind direction 
apparatus determine the prevailing direction from the 
daily or twice-daily observations only. 

Chart VII.—Total snowfall. This is based on the re- 
ports from regular and cooperative observers and shows 
the depth in inches and tenths of the snowfall during the 
month. In general, the depth is shown by lines inclosing 
areas of equal snowfall, but in special cases figures are 
also given. 

Chart VIII.—Depth of snow on ground at end of the 
month, expressed in inches and tenths. 

Charts VII and VIII are published only when the gen- 
eral snow cover is sufficiently extensive to justify their 
preparation. 
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TaBLe I.—Climatological data for United States Weather Bureau stations, April,1914. 


Elevation of Pressure in Temperature of the air, in degrees 4 1s Precipitation, a 
instruments. inches. Fahrenheit. inches. Wind. 3 
sis |Z 8 
©! ale | 2 els |g = velocity. 
New England. 41.4)-— 2.1 75) 4.254 1.2 
76) 67) 85) 29.913) 30. 00/4 .07| 35.6)/— 2.7) 64) 19) 43) 16) 3] 28/ 4g) 33] 29} 78] 3.9314 1.0} 12! 9,117] s. 44 ne 2) 14) 6.0) 11.5).... 
Portland, Me......... 103} 82} 117) 29.90} 30.03)+ 39.8|— 77} 19] 47 22} 4) 32) 30] 35) 29) 69) 4.42)/+ 1.3] 13] 8,167) n. 40| nw. 12} 11; 3) 16) 6.1) 2.5).... 
288} 79) 29.71) 30.03/+ 40.4|— 3.4] 82) 19} £0 18; 14] 31) 41). 3.87/+ 1.1) 14) 5.385) nw. sw 11] 11; 8} 11) 5.5} 2.0).... 
Burlington 404) 11} 48) 29.58) 30.03)+ .04) 38.2!|— 0.3) 80) 1S] 47; 16) 13] 30) 31 4.27|+ 12) 8,635) n. 46) nw 12} 11) 15) 6.9) 5.).... 
876) 12, 60) 29.07! 39.04|/+ .05] 35.4'— 4.8! 78! 19] 45) 10) 6] 25) 42; 33} 20; 79) 5.05/+ 3.0] 15; 6,147] s. 36) sw 11} 5; 10) 15) 7.0) 12.0).... 
BOs. 125} 115} 188] 29.88) 30.02!+ 45.3 0.0 87| 19] 54] 27) 4] 37) 31) 40} 35] 5.87/+ 2.3) 12| 8.622) nw. 47, w 12] 12) 13) 5.4) 2.0).... 
Nantucket 12) 14) 90) 30.00) 30. 01}4+ 42. 6)— 1.6) 60; 49} 29) 4) 37; 20) 40) 36) 82] 3.39/4+ 0.7} 13)13,089) sw. 47| e 27) 12) 10) 8) 5.6) T. |.... 
Block Island.......... 26] 11) 46) 29.98) 30.02/+ .04] 42.0/— 1.8) 55) 18} 47} 28) 4) 37) 17] 40) 38! 85) 3.77/+ 0.2] sw. 58) nw. 13} 1) 16) T. 
Providence........... 160} 215} 251) 29.84) 30.02)4+ .04| 44.5|— 2.1) 80) 19) 54) 4] 35] 34] 39) 33] 3.94)+ 0.2] 14/10,839| nw. 67| nw. 12} 12) 4) 1415.5] T. |.... 
159} 122) 140) 29.84) 30.02/+ 44.7|— 2.0} 82) 19) 53 26 4| 36} 31] 39! 33) 68) 3.84/+ 0.3] 17) 6,582] nw 37| s. 11] 9 14) 6.3) T. 
New HAVEL 106} 117} 155) 29.91! 30.02/4+ .03] 45.6/— 0.8] 72| 19] 54 4 37| 27] 41] 37] 76] 3.90/+ 0.3] 13! 7,976) nw. 39| sw. 2} 9} 13) 6.0) T. 
Middle Atlantic States. 0.5 | 69} 3.32/+ 0.3 5.8 
97} 102] 115) 29.92) 30.03/+ .03! 43.8!— 2.0} 85! 19] 53] 25) 6] 35 5} 38) 33) 72| 5.78)+ 17! 6,453) s 37/ 11] 9} 9} 12] 5.9) 1.8).... 
Binghamton.......... 871} 10) 69! 29.08) 30.02 00} 43.2}— 1.2) 81) 19) 52 23; 4 5.70|+ 3.4 17, 3.979) nw 27| nw 12} 3) 12} 15) 7.2) 3.9).... 
314} 414] 454] 29. 68) 30.03/+ 46.6/— 1.5) 78) 19] 54] 26) 4] 39} 25) 41) 34] 64| 2.67|— 0.6 12:13, 957 nw nw. | 22] 7] 16) 6.6) T. |.... 
Harrisburg............ 374} 94) 104) 29.65) 30.05|4+ .03) 49.5)— 1.2) 80] 19) 59) 28) 4] 40! 34] 42] 35) 62) 4.52/+ 2.0) 12) 5,846) nw 36) sw 19} 6) 13] 11) 6.4) T. 
Philadelphia 117| 123} 184) 29.92) 30.05/+ 51.0)+ 0.2] 81} 19) 60} 30] 4) 42] 321 45! 71) 3.43/+ 0.5 8) 8,574) nw. 35) ne. 15} 8} 14] 6.0)..... 
325] 81] 98} 29.69) 30.04]...... 19) 58 27| 40} 33] 43] 36) 64) 3.85)...... 13) 6,200} nw. | 38) e. 15} 7| 16) 6.4)..... 
895] 111] 119) 29.17) 30.04)4+ .03| 46.2;— 0.9) 82] 19] 55} 24! 6] 37} 42] 38] 76] 1.2) 16) 5.840) s. 34) w. 12| 5} 12) 13] 6.6] 0.5).... 
Atlantic City........-. 37| 48] 29.99] 30.081-+ .05! 47.0/— 0.6! 66) 17] 53} 27) 4; 41) 28] 42) 38 74) 2.96 0.0 8 6,767) nw. 30) s. 8} 11) 3] 16) 6.2)..... 
17} 13) 49) 30.04) 30.06/+ 48.5 0.1) 69] 22) 55} 28) 4) 42) 23) 44) 40) 78) 2.95 0.0) 11) 7.420) nw. 40|  e. 15] 11} 9} 10) 5.4)..... 
190) 159 183| 29. 82} 30.02}...... | 80) 19} 58} 27) 4] 39) 29) 43) 36) 67| 2.57/— 0.7 9) 9,463) nw. w. 
123} 113} 29.92) 30.05)4+ 53.0] 0.0) 85] 29) 62} 31] 4] 441 38] 46) 39] 4.55/+ 1.3] 9) 5.660) se. 28) e. 10} 10) 10) 5.4).....}.... 
Washington.......... 112] 62) 85) 29.92 30. 04)4+ .02) 53.5)+ 0.4) 86) 22) 64) 28) 6) 43) 43] 46) 63) 3.20) 9) 6.736] nw. | 36) nw. 8} 10) 11) 9} 
681} 83} 88) 29.29) 30.04/+ 56.7/+ 1.1) 88) 27] 68} 28) 10] 45) 41] 49) 43] 64) 1.70/— 1.5 7\ 6,602) nw. 32) nw. 2) 12) 14) 4) 4.7)..... 
Mount Weather....... 1,725} 10) 75) 28.18} 30.02 00) 47. 0.5) 80} 29) 57} 22) 9} 39] 30} 42) 38] 73) 4.07/+ 1.0 9/14, 604) nw. 68) nw. 8 17] 7.0) T. 
é .05) 55.8)— 0.2) 89} 29) 65) 34) 9) 47) 40) 50} 45) 70) 1.88)— 1.9) 12) 9,979] sw. 42) w. 2| 12} 6} 12] 5.0)..... 
91) + .04| 56.0)— 1.2) 92) 29) 68) 30) 10) 44) 39) 48] 43! 66) 1.28|\— 2.2) 6,562) s. 31) s. 7| 12) 11) 4.6) 0.2 |... 
Wytheville 67 | + .02) 0.5) 83) 27] 64) 21) 10) 39] 39) 46) 43) 76) 2.00)— 1.7) 14) 4,502] w. 26) nw. 16) 14) 11} 5] 4.0)..... 
South Atlantic States. | 62.9\+ 1.6 72| 2.60\— 0.8 4.9 
2,255} 70} 84) 27.71) 30. 06/4 .03) 55.0/+ 1.1) 83) 27) 66] 38] 47| 66] 3.13/— 0.9} 11) 7,345) nw. 39) 14) 10) 13} 7) 5.1)..... 
68} 76) 29.22) 30.06/+ 60.6/+ 1.4) 88) 28) 71) 35) 10} 50) 29) 53] 48] 70} 2.99|/— 0.4 5,726) sw. 26) w. 29; 12) 11) 5.8 T 
11} 12} 50) 30.05) .05) 59.2/+ 1.2) 78) 30} 66] 41) 9] 53} 25] 54) 51} 80) 4.14;— 0.3) 13) 9,925) ne 46) se. 14; 14] 10} 4.1)..... 
376] 103] 110) 29.65) 30.95/4- .02) 59. 4/+ 0.4) 91) 29} 70] 30] 10) 49] 32] 51) 44) 64) 2.45/|— 1.0) 10) 6,460} sw 31] nw 11) 9} 10) 4.8 
Wilmington.......... 78| S81} 91) 29.99) 30.07/4+ .04) 62.0/4+ 1.6! 90) 27} 71] 37) 10) 53} 26) 55) 51) 75) 5.12/4+ 2.3 9) 6,515) w 32) ne. 14] 10} 6) 4.6). 
48} 11} 92] 30.01) 30.06/+ 65.2/4+ 1.4] 88) 27) 43! 10] 58] 25) 59] 56} 77) 2.771— 0.2} 7| 8.204) s 38} ne. 4| 14) 11) 5] 3.9 
Columbia, S. C........ 351} 41} 57} 29.68) 30.06)+ 64.4/+ 1.6) 92) 28) 75] 37) 54) 32) 55) 49) 63} 1.0) 8] 5,397) sw 29] sw. 19} 11) 15} 4) 4.5 
180} 97) 29.86) 30.06/+ .03] 65.4/+ 2.2! 90| 29] 76] 10) 54 33} 58} 53) 71) 1.59/— 1.9 4.707) se 30! w. 20} 10} +9} 11) 5.6)..... 
5} 150) 194) 29.99) 30.06)4- .03) 67.4/+ 2.7) 89) 28] 76] 43) 10) 59} 25] 60] 0.84/— 2.2 6 8,891) 40) w. 10) 11) 9} 5.2)..... 
Jacksonville.......... 43] 96) 129) 30.01) 30.06)4+ .02| 70.1)+ 2.5] 89) 30] 79] 52) 10) 61) 25] 62) 59) 75] 2.4 6.311) se 31) sw. 14] 11} 11) 8} 5.1)..... 
Florida Peninsula. | 73.8+ 1.0 | 77 3.23;4 1.3 
22} 10) 64) 30.00 30.02} .00) 76.5/+ 1.0) 85} 28] 82) 67! 7| 71! 15] 70| 67) 76) 1.94/+ 0.6) 7 7, 533} @. 26) e. 17; 10) 3.6 
25| 37| 72) 30.02) 30.05)...... 74.6+ 0.4 86 81} 57 16) 68 65! 75) 5.24/+ 2.6) 9) 6,396) e. 25| sw. 20; 9} 13) 6.3 
Sand Key............. 23, 39) 72) 29.98 30.00\— .02) 75.0)...... | 81) 7| 78] 68 73) 12) 71) 69) 81) 1.46)...... 8 10, 147) e. 41) s. 13, 17| 9) 4.0 
35) 79) 96, 30.01) 30.05|— .01) 71.7|+ 1.1 87) 27/ 80] 54) 11) 63, 28) 65, 62, 76, 2.50+ 0.6, 8 4,853) ne. | 18 10) 11) 9) 5.1) 
44 6 30. 01) 30. 06)...... 72. 89 81) 53) 16) 64) se. 17] 7 6) 4.2 
East Gulf States. | 0.7, | 69) 2.92— 1.2 5.1 
| | 
1,174 190, 216 28.84 30.07/4+ .04| 0.7) 28 72) 9/52 47, 3.16— 0.5, 6| 8,375| nw. | nw. | 20/12) 7) 11) 5.1...... 
70, 78| 87) 29.65, 30.04/+ 65.0.4 1.9 89 28, 77; 35 53) 36] 56 50, 64 0.84|— 2.6 4,574| nw. | 30) nw. | 19] 13| 7| 4.6...... 
Thomasville........... 8| 57) 29.75) 30.05/+ .02: 68.6\+ 1.9) 90) 28! 81] 40 10) 56, 36) 59! 71) 1.78— 1.9) 4) 3,730) s. 18} s 8) 13} 9) 4.9)..... 
Pensacola............. 56 140) 182) 29.99) 30.05)+ .03) 67.4/— 0.3 82 2) 74) 39 10 61, 28| 61! 58 77, 1.10— 21) 7 8,758) se. | 36] se 11) 6| 11) 13) 6.1..... 
57| 29.28) 30.07/+ .04) 61. 4/+ 1.0) 17] 74] 28) 10) 49] 4.16+ 0.5) 8 3,949) s. 22) w 15} 10] 15] 5) 4.7..... weve 
Birmingham.......... 700 11) 48} 29.31 30. 07/+ .05) 62.8 — 0.7, 88) 17| 73) 31 10) 52) 36) 53) 46 60) 4.464 0.8 10! 4,797) s. 26) s 18) 12 
57) 125) 29.99 30.05|+ .03) 67.8'+ 1.8) 84| 30) 76) 39, 10! 60; 26} 61; 57; 76) 1 2.6 10) 7,036) n. 30) nw 
Montgomery.......... 223, 100} 112) 29.81 30.06/+ .03! 65.8-+ 0.6} 88) 17; 77| 35 10) 55} 33) 51) 65) 3.19— 1.1) 6, 4,686) se. 31) nw. 8| 13) 13) 4) 4.2..... 
375, 85} 93) 29.65] 30.05\+ .03) 63.9'— 0.2! 87| 17) 75] 32 10) 53) 36 56) 51) 70) 3.18'— 1.9 11) 3,495] n. 27| se 19| 7] 4) 19) 6.8.....).. 
247; 62) 74) 29.7 30. 06) + 06) 65. 0.2) 86) 17) 75) 38 10) 56 29 57) 52) 68) 2.0) 4,931) se. 24| se 18; 9} 10) 11) 5.6)..... 
New Orleans.......... 51, 90} 121) 29.98) 30.03)4+- .03) 68.9'+ 1.0 77| 43 10) 61) 23) 62 76| 5.34.+ 0.4, 8 6, 287) se. 33) nw 18| 9j 11) 10) 5.3)..... 
| 
West Gulf States. | | us - 1.4 | | | | 73 nom 1.2 5.8 
| | | | 
Shreveport............ 249° 77| 93) 29.77, 30.04'4+ 64.7|\— 1.1) 88! 16 74) 36 9) 56; 29} 57| 53 71) 3.35'— 1.2 10) 5,543) se. Ss. 17} 13) 5.9)..... 
Bentonville. .......... 1,303; 11) 44) 28.64) 30.01/\+ .05) 56.9) 0.0) 84) 16 67) 23) 9) 46) 36)/..../.... 199 — 19 8 4,671) s. Ss. 17| 14) 6] 10) 5.0)..... 
457, 79) 94) 29.53) 30.01\+ .05) 61.6)— 0.1) 16 72) 30, 9] 52) 36 53) 47, 65) 2.57,— 1.3) 10) 5,950) e. 50) sw. 24) 11; 13) 5.8)..... 
357) 139) 147| 29. 67, 30. 06; 0.9, 89, 16 71) 31 9) 35| 53, 47) 64) 5.19+ 0.7; 9) 6,682) s. 32) nw 19} 14] 9) 5.6)..... 
Corpus Christi......... 20} 69) 77] 29.96 29.98/-+ .03! 68.4 — 2.5) 89) 15) 74 41; 9) 63) 30) 64) 62) 85) 5.324 3.5) 100,719) e. 40) se 26) +4) 14] 12) 6.3)..... 
512) 109} 117) 29.46) 30.00)...... 62.9|......| 89} 16) 73} 30) 9 13, 7,410) se. 38) w 18} 9} 9} 12) 5.6] T. j.... 
Fort Worth. .......... 670, 106; 114) 29.28) 29.99|+ .05) 63. 2.1) 90) 16, 74) 30; 9) 53) 39) 55) 50; 69) 5.99\+ 3.3) 9) 8,657) s. 40) s 8} 10) 12) 6.1)..... 
Galveston............. 54) 106) 114) 29.96) 30.02+ .05) 66.7|— 2.0] 76) 24! 71) 44) 9] 62) 16} 63) 61, 86 5.4| 10) 8,835) s. 38) 8} 12) 10) 5.8)..... 
138, 111] 121) 29.86) 30.01)...... 67.9'— 1.7) 86 15 76 9 6,556) se. 35] se 27) 11] 12) 6.6)..... 
510 64) 29.47) 30.01/+ .05) 64.8'— 1.1) 88 15 74) 34) 9) 56) 34) 57 52) 72, 0.8 8 5,631) s. 27) se 26; 10; 8} 12) 5.6)..... 
San Antonio.......... 701, 80) 91) 29.26 29.99'+ .06) 66.8|\— 2.2) 90 15 78 35| 56) 59) 55| 74) 5.26/+ 2.3, 9) 5,047) se. 33) n 7| 13) 12) 5.4)..... — 
55! 29,40 30,01'-+ 64.8'— 92 76) 31) 91 54) 1.1' 10 73855! se. | 401 s, 17) gf T, 1... 
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TaBLE I.—Climatological data for United States Weather Bureau stations, April, 1914—Continued. 


Elevation of 


Pressure in 


Temperature of the air, in degrees 
Fahrenheit. 


| 
| instruments. inches. 
} 
| 
jg 
Districts and stations. | $3 
is Ja ia a 
Ohio Valley and Ten- | 
nessee. 
Chattanooga. ......... 762; 189 213) 29.26 30.08,4+ .05 
996| 93) 100) 29.00 30.06\+ .03) 
399} 76 97) 29.66 30.08+ .08) 
546, 168 191) 29.49 30.084 .07) 
Lexington.............; 989) 75) 102) 28.98 30.06+ . 04) 
Louisville. ...........- §25| 219) 255) 29.48 30.07 + 06) 
Evansville. ........... 431| 72) 82) 29.58 30.06+ .06; 
Indianapolis.......... 822, 154 164) 29.15 30.05,+ .05 
Terre Haute........... | 575| 96) 129| 29,41 30.04)...... 
Clacimati............. } 628) 152) 160! 29.37 30.064 .05 
| $24) 173) 222) 29.17 30.054 .03) 
| 899) 181) 216) 29.07, 30.03)......) 
Pittsburgh...........- | $42) 353, 410 29.13 30.054 .03 
1,940 41, 50) 27.99 30.064 .03 
Parkersburg........... 638! 84) 29. 41 30. 07/+ 
Lower Lake Region. | | 
| 
767| 247 280) 29.18) 30.03'+ .02 
| 448 10 G1) 29.53) 30.02...... 
| 76] 91) 29.65) 30.02\+ .01 
Rochester............- 523| 86} 102) - 46) 30.05\+ .04 
97) 113) 39} 30.04/+ .03 
714, 92) 102 25; 30.03'+ .01 
762| 201) 29. 21| 30.04/4 
| 629) 62) 70) 29.35) 30.044 .02 
| 628) 208) 246) 29.35) 30.04/+ .03 
Fort Wayne........... 856| 113) 124, 29.10) 30.04)...... 
730) 218) 258 23) 30.044 .02 


Grand Rapids......... 
Houghton............. 


North Dakota. 


Devils Lake........... 


609} 13) 92 
612) 54! 60) 
632| 54) 92) 
707 70) 87| 

72! 
11| 62 
637| 60) 66 
7 77| 111 
638! 70) 120 
641, 48) 82 
61 


57 
1,674] 8| 57 
1,482} 11) 44) 
1,872| 40) 47 


= 


++ 144 
8 


min. +2. 
mal. 
range. 


| Maximum. 


Mean max.+mean 


Departure from nor- 
| Mean wet thermometer. 


| Mean maximum. 

| Minimum. 

| Mean minimum. 

| Greatest daily 


| Date. 


35) 03'+ .01 
34| 30.03 + .01 
32 + .01 
25| + .01 

+ .01 


30.064 .07) 
30.08 + .11 
4) 30.05 + .06 
30.04+ .08 


Bt. Poul..:.. 9. 30.00+ .01 
9. 30.014 .03 
| 28.95} 30.024 .03 
Charies City | 28.92) 30.0114 .03 
Davenport............ 606; 71) 79) 29.35) 30.01 + .03 
Des Moines............! 861, 84! 97) 29.08) 30.00+ .03 
| 698) 81! 96) 29.26) 30.024 .04 
EOS | 614) 64! 78) 29.35) 30.024 .04 
| 356) 87) 93) 29.66) 30.04'4+ .05 
Springfield, Tll........! 644) 10, 91) 29.33) 30.024 .04 
| 534) 74) 109) 29.44) 30.02 + .04 
567) 265, 303) 29.42) 30.03 + .05 
Missouri Valley. | _ 

Columbia, Mo 29.19) 30.03 + .05 
28.98, 30.02'+ .06 
_ 8.97} 30.01)...... 
Springfield, Mo 28.63) 30.03 + .06 
28. 95) 30.00 + .05 
28.82| 30.00+ .05 
. 29) 30.03 + .09 
28.78, 30.00 + .05 
306 | 28. 62} 30.04 + .08 
(1,572, 70) 75) 28.37) 30.06+ .11) 
1,233) 49) 57) 28.66) 30.00,4+ .05: 


Sresessss s 


SPPrerP 


~ 


a wo 


SS © 


ou 


+++ 1 4++4+4++4+ | 


BREN 


4 Precipitation, 
iz 
3 
sis /eja Alea Ais | a 
3.62; 0.0 
5.3/4 0.9} 12) 6,470) 41) sw. | 18 
4.50. — 0.1) 11] 4,097/ 26| sw. 1 
2.90 — 1.9 6, 604) 28| n. 7 
3. 83|— 0.5] 11] 7,264) ne. | 14 
2.Bi— 1.1 7, 335) 39| sw. 1 
2.13/— 1.9) 10) 9,182 58) s. 18 
2.83|— 0.6] 11] 6,042) 38] sw. | 18 
3.21/— 0.3} 12] 8,115 48] s. 18 
10! 8, 309) 42) s. 18 
3.07/+ 0.1) 10) 5,242 29| sw. | 25 
2.48|— 0.4] 13 8,862 48| nw. 1 
2.87, 0.0} 12 8,560 42\ sw. | 18 
3.98'+ 1.1] 14 8,996, 61) sw. | 19 
6.97\4+ 2.71 18 3,278 27| w. 1 
4.38/+ 1.5| 14 4,048) 36, nw. | 25 
3.71 + 
| 
3.2414 0.8) 19 12,074 w. 9 
3.56,4+ 1.3 12 9,602 56) sw. 12 
3.98 + 16 8,113 32) nw. | 12! 
3.724 1.3) 17 38| w. 12 
4.27\+ 2.0) 18 8,821 45| nw. | 12 
3.59/+ 1.2) 18) 7,844 36] sw. | 11 
4.284 2.0! 1710,404 42! s. 19 
3.864 1.3, 1410,133 37| n. 8 
4.18'+ 1.9) 1311,748 52) sw. | 19 
eee | | 7,98 39) sw. 19 
2.44/+ 0.1) 11 9,327 42| w. 25 
} 
3.03 + 0.7) 
1.91/— 0.3) 1: 41| w. 11 
4.54/+ 2.5) 15 7,5 ne. | 28 
2.41. 0.0! 15 8,8 36) 8. 18) 11 
1.97, — 0.5) 1 26) w. 
5.24/+ 19 7,207 45| Ww. 11) 
34 2.90'+ 0.4, 14 28) sw. 19) 
32 1.39)......| 11) 8,630 46) sw. 18, 
26 6.80 + 4.8) 18 7,771 43) sw. 11) 
34. 2.04, 0.0! 11 8,732 32| w. 9 
35 1.30/— 1.4 11) 7,771 35| sw. | 10) 
26 4.71|4+ 17) 7 40) nw. | 12) 
1.07|— 1.8) 48! s. 18 
32 2.75\4+ 0.3) 14) 9,243 46| s. 10) 
32 1.89'— 0.8 11) 6,479) 43 sw. | 10 
26 2.90 + 0.8) 11 10,859) 51| ne. | 28 
1.38 — 7 
2.97\+ 0.6) 1 n. 36) n. 18 
0.92'— 1.0) in. 44) nw. 10 
1.21,— 0.8) n. 52| n. 18 
0. 43)— 0.8) | 42) nw. | 20 
al 
3.69\+ 10 9,816 44| n. 19 
3.73/+ 1.4) 1110,370 48| se. 17; 
3.36/+ 1.1) 12 4,807 30| sw. | 18 
1.84\— 0.5) 11 8,090 35) sw. | 10 
2.88, 13 6,458 30} w. | 10 
0.89)— 2.0) 39) sw. 18 
1.52\— 1.5) 10 6,634) s 36| sw. | 24 
1.53/— 1.4) 32] s. 18 
1.94|— 1.4| sw. | 18 
2.64/— 0.9 10 7,655 39| s. 18 
2.10/— 1.2 30! s. 10 
2.99'— 0.3) 36) s. 18 
2.51\— 0.7, 10) 7,372 sw. | 18 
1.92|— 1.6 58 sw. | 18 
| 
1.74— 2.0 11) 6,323 35| sw. 18 
1.76, — 1.5) 11, 9,709 n. 7 
y 36 nw. | 19 
3.63|\— 0.2) 12 7,613 s. 17 
1.68)— 1.1 in. 7 
1.30,\— 1.4 35) sw. 10 
2.34|— 0.4) 55) nw. 19 
3.13'+ 0.1) 10) 7,124 37; nw. 19 
3.53/+ 1.2) 22 
2.12'— 0.6 52} nw. | 10 
2.96'+ 0.3) 46 nw. | 18 
1.78 — 0.2 52) nw. | 18 
1.60|— 1.2) 37, nw. | 1 


AprIL, 1914 


| Partly cloudy days. 
| Average cloudiness, tenths. 
Total snowfall. 
Snow on ground at end of 
month. 


| Cloudy days. 


On 


_ 


pogo po 


4 


33 


. 


. 


Been 


| 
| | 
13| 10 g.....|.... 
86 17| 70 32 33) 53 13) 11) 
83] 17 65. | 47) 35) 49 12 14) 
55. 81/27 64 27) 47) 35) 49 19) 
0. 7|— | 41! 30) 45) 5| 6.0 
1. — 42, 30) 45 7| 
19. 4 — 40, 33] 43) 9| 14) 6.5) 
9. 2+ 37! 49) 43 8} 14 5.9) 
53. 9+ | 44) 38) 46) le 
| 
39. 5|— 77| 19| 48, 16, 13) 31 30|...-| 
10.4 — 81) 19) 47, 21, 13) 34 36 37 
.2.0\— S81) 19 50) 23) 34, 37] 37 
1. 81) 19) 50) 21) 13) 34, 38) 37 
3.0|— 83) 51) 22) 9) 35, 37) 39 
84) 28] 53) 23) 38 32) 41 
16. 85) 18] 54) 22) 9) 38 32 
6.6\— 18). 55 21, a 38 31 41) 
7.8\— 83) 27| 58, 19) 38 39 
83) 28) 54 19) 9) 36 34) 40) | 
| } | 
| 39.3;\— | 
ke Region. | | | 16) 
| | 29 36 82) 18) 4415) 9) 42 10| 
20, 35.2)— 55| 18} 43. 11} 8| 24) 31) 
Grand Haven......... mer 45.6\— 84 18 56) 19) 9) 39) 40) 10) | | T. 
99, 34.7|— 60, 18) 43, 12) 39)... 1 
99, 44.7\— 18 55, 16) 36 39 1 
40.0)......| 76) 48, 18) 8) 33) 37 10) | 0. 
35.1/— 2.4) 66, 15} 43, 13) 8} 35] 31 13) 1 ites 
42.0\— 82) 18 50) 18; 9) 38 9) 1 | 
29 43.5)......| 18] 54) 18] 8) 39) 
29 34.0\— 66, 18) 42, 10) 13) 
617) 144) 29. 40.5 — 18| 16 38| 38! 1 T. 
681| 119} 133) 29. 43.0 + 
/1,133} 11] 47) 28. | 87) | | | 
| | | | | | 11) 
40.2\— 71| 17) 51) 14) 30, 42) 36 9 14 
29. 76) 23) 55) 12, 16 
28.4 37. | 69) 20 48) 8 4 
28. 42.8\+ 77) 15) 54 12) 31) 40 | 
| | | | | 
Mississippi 
| | | | | 35 13) 11 | 
| 44.7|......| 77| 17] 19 = 
, 44. 75 17, 54 18) 35, 36) 39) 6) 19 
46. 8|— 79) 26) 57 8| 37) 37|....|. 17 
45.1/+ 78| 27/55 15) 8 iil is 
831 251 60 40 37) 43} 8| 16 
50.4, | 26| 60 23) 9) 41 37) 43) 10) 15 
21 8) 39 34) 42) 13; 10 
80 21) 58 19) 8) 3} 10 
52.3/+ 85) 26) 62 4 43) 
58.0/— 83. 66 29) 50 9} 10 
51. $4) 26 61 22) 8) 41) 7 
54.0/+ 85 26) 63 25) 9) 45 39) 7| 12 
53. 6) 86) 26) 63 24) 9) 44° 33)... 16 8| 
56. 82) 65 26 9| 48, 38, 49 
34)....). 
35| 48) 7| 14| 
38) 46) 9| 10) 
32 | 10; 8 
41)....}. 14) 9 
42)....). 10) 11) werk 
42 7| 12 
45) 12) 10 
46) 38) 10) 11| 
39, 41! 7| 15 
34| 47) 39) 14 
37) 38 39| 8| 15 
| 
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TABLE I.—Climatological data for United States Weather Bureau stations, April, 1914—Continued. 


. 
Elevation of Pressure in Temperature of the air, in degrees 4 1/8 Precipitation 5 © 
__ig 8 
gie le |g le | | fs is le 3 
| | } 
Northern Slope. | | | | 44.04 1.2 66) 1.73\— 0.1 6. 
2,505, 11 44 27.38) 30.03 + .10) 44.9'+ 2.2 78 15 58 15, 8| 381 30, 0.04, 1.01 6,481l 6 36| w 9 9 13! 5.8) T. |.... 
4,110 87 114 25.81) 30.04 + .08) 44.0,+ 2.0 65) 19 53) 26) 35) 32) 30; 1.35/+ 0.2) 11] 6,114) sw. 46) sw. 13) 3) 10, 17| 7.1) 8.6)... 
11 34 26.94) 30.024 .06) 44.8 + 2.3, 68, 22) 56 29; 26) 34° 34) 38) 64] 1.21/4 0.2) 11) 3,447] sw. 18 sw 191 7) 151 
Miles 26 48! 27.50) 30.08 + 47.8|+ 3.1 15) 60! 36) 42) 40| 33] 63] 7] 5,098) s. 30! n 17| 15) 7} 5.3) 0.21... 
3,234, 46 50, 26.62) 30.07\4+ .12) 44.0)+ 0.5, 77 15, 54) 11) 34; 37) 38 30! 63) 0.7) 15 5,970) n. 31| nw 17; 6 207.8) 
6,088) 58 64 23.97) 29.99 + .08 40.2|— 1.4 67] 15) 50} 12) 8) 31) 34) 34| 29] 68) 2.584 0.7, 15) 9,685, nw. | 60, w. 23; 4| 10] 16] 7.3] 5.1)... 
5,372) 60, 68 24.63) 30.03 + .09) 42.0}— 0.2) 70; 19) 53; 22) 1| 31) 38) 35) 29] 68) 5.36\4 2.9) 14! 3,724) nw. sw 15} 8 17) 7.1) 11.1).... 
3,790; 10 47) 26.13) 30.06)...... 75) 15) 55} 13) 8} 32 44| 37; 32) 72) 2.75)...... | 16) 5,546) nw, 38 nw 9} 3! 10) 17) 7.3) 4.5).... 
Yellowstone.........../¢ 3,200) 11 48 23.86) 30.03\+ .07| 38.0/+ 1.0) 58} 22) 48) 19) 11) 28) 35] 32} 27) 71) 1.74/+ 0.4! 11] 5,619) s nw. 13) 9 15) 6.7) 3.6).... 
North Piette. ......... 2,821) 11, 51) 27.07| 30.014 50.0}+ 1.0) 20; 64) 13) 8] 36, 46; 41) 34| 63] 1.48|_ 0.7) 10] 6,270 n 32) nw. 16, 12; 9 8.3 T. }.... 
| | j | 
Middle Slope. | | | 53.0|— 0.7 66, 2. 0.0 | i 5.4 
69 29.96 + .06, 46.6\— 1.1) 78) 20) 58; 17) 8| 36) 37; 39} 32) 63) 1.6) 16 5,813 ne. w. 23; 3, 17| 10) 6.7) 9.01... 
5) 29.944 .06, 49.0)— 1.5 81| 25) 62} 19) 9} 36; 44: 39) 30) 58; 3.64/4 2.2) 12) 5,366) se nw. 23 8 9 5.7] 2.3).... 
30.00 + .07) 54.2)4+ 0.6) 90) 21) 66; 19) 9) 42) 41; 46) 39 64 1.00/—- 1.4 6,499 s. 32) se. 23) 16 9 5.8 ..... 
DOGRO CHG 29.97\+ .07| 54.2|— 0.2) 92) 21) 68) 16) 40; 44) 37] 63] 1.28|— 0.6) 9) 9,268) se. 48 se. 5) 12) 12; 6) 4.7|..... 
Wichita............... 1,358 139 158 28.54 29.97/4 .04 56.0|— 0.6 87| 16) 66, 26, 8) 46) 32; 48, 42) 65| 1.70\— 1.0) 10)10,580) s. 52| nw. | 18 15) 10, 5 T. |.... 
Oklahoma............ 1,214) 10 47, 28.71) 29.99'4 58.0!— 1.6 89} 16} 69} 25) 9] 47] 33] 50) 45 2.41)— 0.4; 9/12, s. 48| se. 17; 9} 12) 5.9)..... 
Southern Slope. | | 61.5)— 0.9 | 58) 2.33/4 0.4 | 4.6 
1,788 10, 52 28.17 29.97 + 0.7) 63.01— 1.4) 94| 16 26) 9| 51) 37) 53) 45 60) 5.344 3.1) 7 9,716 s. | 38, sw. | 16 12, 6 12) 5.6 T. |.... 
Amarillo... ............/3,676) 10 49) 26.23) 29.95 4+- .08) 56.0/+ 1.4 88) 21; 70; 20) 8 42) 41| 46) 38 0.95|— 0.8) 10) 9,827) sw. ne 11) 15) 13) 2} 3.8; 1.8).... 
Del Rio..... 944 57| 28.97 .95 4- .06) 68.6|— 1.4) 93] 15) 80! 34) 9} 57). 38 1.88/— 4) 6,813) se. | 52) sw 25, 13; 6] 4.4)..... 
Roswell. ............-./3, 566) 75) 85) 26.32) 29.90)+ 58.4/— 2.2) 15 73} 31] 13) 44) 45; 46) 32) 49 1.14/+ 0.6, 7,255] s. | 48] se 30 M4 9 4.4) 2.9).. 
| | | | | | | | | 
Southern Plateau. | | 58. 42; 0.29|— 0.1 | | | 3.3 
3,762) 110 133! 26.12) 29.83.00) 0.2) 89) 15) 78} 36; 9) 50) 38! 46) 23) 28! 0.47/4+ 0.2) 8,961! w. | 50) sw. 16, 22} 8 2.5)..... 
7,013; 57 62) 23.20 29.86 + .02) 48.0|/+ 0.4! 73) 21, 60} 24) 36) 36) 37) 24) 0.44/— 0.4) 6,818 n. | 44) sw. | 16 8 16, 6 5.2) 1.5)... 
6, 907 8 57) 22.29' 20.84 .00) 43.9]+ 1.7) 72} 14) 59) 22) 18) 20) | sw. | 40) sw. 18) 
1,108} 76 81) 28.70! 29.85 — 68.5/+ 1.9) 97) 14 82 45) 23] 54) 40) 52) 36} 35; 0.10\— 0.3} 1| | n. 17| 18} 8 4) 2.9)..... 
141) 9 58, 29.72) 20.87 — .02) 1.4102) 14) 87) 46) 23) 56} 44, 55) 42) 41) 0.27/4+ 0.2) 1 4, 803) w. | 30) ne. 17; 28; 2 @ OSl...c. 
Independence. .........2,910) 11 42) 25.97 29.95 — 54.3/— 2.4) 84) 19) 68) 29) 40! 45 36} 57; 9.18) 0.0} 5) 5,931) nw. | 41) mw. | 15 10, 13) 
Middle Plateau. | | (49.614 1.1 | | 541.3214 0.2 | | | 5.7 
4,532, 74 25.45) 29.98-+ 49.0]+ 77) 18 27} 1) 37} 43} 39] 291 52; 0.7014 0.1] 5] 5,865) w. w. 9} 9 13) 8 5.4) T. }... 
6,090: 12) 20) 24.00, 29. 90)...... | 73| 14) 57) 27} 17 38} 33) 38) 26] 47; 0.50/— 1.2) 6) 7,092) nw. 40| nw. 16 13} 8 5.5) T. 
Winnemucca.......... 4,344) 18 56) 25.59) 29.98 .02| 48.6)+ 1.5) 75) 14) 61) 23] 17) 36) 41) 40) 32) 59) 1.32)4 0.4) 10} 5,043) sw. 32| nw. | 15) 16) 6.5) T. |..-.. 
15,479} 10 43 24.56 29.90/+ .02| 46.8)— 0.1) 75) 19) 60! 26 18) 34; 42) 37) 28} 59! 2.17/4 1.4] 12) 7,380) sw. 45] s. 22, 6; 14) 10) 6.2) 
Salt Lake City........ 4.360) 147, 189, 25.56] 29.92) 51.8/+ 1.7] 72) 4] 61) 38] 16] 43; 43] 36] 59] 2.8414 11] 5,359] nw. | 37/| e. 30 8 16, 6 5.3) T. |... 
6,546) 18 56) 23.59) 29.87 + 47.3/+ 0.9) 74) 15) 62) 26 17) 33) 39) 36) 27) 53) O.77|— 0.4) 5) 4 586) nw. 34| 22, 13) 8 5.1 
Grand Junction....... 4,602) 43 51) 25.31) 29.87/— 54.1)+ 0.9) 80) 20) 66) 33/ 9} 43) 33) 43) 33) 52) 0.92/+ 0.2) 9) 5,994) se. 37| sw 5} 6] 14 10) 5.9)..... 
| | | | | 
Northern Plateau. | 50.4)+ 1.4 | 59 1.64/4 0.3 6.4 
\3, 471| 53) 26.46, 30.06 + .06| 46.2)+ 2.7 70} 19) 57| 27) 28) 35] 31) 39) 32} 62) 2.02/4 1.1) 13) 4,693) nw 25, nw 29 9} 10) 5.2) 0.2).... 
2,739] 78) 86) 27.15) 30.02/4+ .04] 51.2/+ 1.1 73) 19 62 29) 28} 40} 35) 43) 34 7 1.63)}+ 0.4] 12) 3,916) nw nw 16; 6) 7 17} 6.7..... 
48\ 29.23) 30.05,+ .06! 53.6/+ 76] 30 65) 33| 1,63/+ 0.5) 10) 2,470) e. 24; nw 4) 14) 12) 6.4).....].... 
14,477] 46) 54) 25.43) 20.95!+ 48.1/+ 1.3) 70) 19} 59} 29) 26) 38} 33] 40] 32] 1.59/— 0.4) 12) 5,670} se. sw. 16} 13) 14) 7.0; 0.1)... 
1,929] 101, 110) 27.98) 30.04/+ .05] 49.6]+ 1.9) 75] 30} 60) 31) 21) 39} 36] 42} 35! 62) 1.45/+ 4,719) ss. w 19 7| 7 16 6.5| T. 
Walla Walla.......... 1,000) 107 115) 28.97) 30.05/+ .04) 53. 0.6) 76) 14) 64) 33) 21) 43) 32) 45) 36 1.54/— 0.2) 10) 3,662) s. 24, w 19 5 11) 14) 6.5)....- 
| } | | | 
North Pacific Coast | | | | | 
North Head........... | 211] 11, 56) 29.86 30.0% + 1.9) 66; 3) 53) 42) 21) 46) 18) 47] 45] 88) 4.66/+ 1.4) 20)11,328| nw. | 62) se | 9} 11) 10) 5.7)... 
Port Crescent.........| 259] 53] 29.79) 30. 0.9) 60; 8) 53) 31) 16) 38] 27)....).. | 1.88)— 0.6] 15) 3,660) s. 14) sw 27, 3) 13) 14) 6.7)..... 
| 215, 250 29.96, 30.09) + + 2.0) 68) 30 59) 36} 1) 44) 28) 47) 44) 80) 3.31/+ 0.6) 14) 6,305) s. 55) sw | 4) 15! 11) 6.4)..... 
213) 113) 120 29.86) 30.08 - 1.9 68) 18 59} 32) 1) 42) 29) 48) 46) 87; 3.20/+ 0.4) 13) 4,413) sw. 35) sw 26| 4) 16) 10) 6.3)..... 
Tatoosh Island........ | 86 57) 29.95) 30.05 2.5) 59) 3) 53) 41) 7) 44) 14) 47] 45) 89} 5.39)— 0.9) 17/11, 221) e. 54) 14; 6; 9 15) 6.8)]..... 
Portland, Oreg........ | 153) 68) 106 29.91) 30. 8i+ 2.6) 76] 30 63} 37| 28) 45; 29) 48) 42) 70) 3.08) 0.0) 18) 4,128) nw 24| w 4, 7 10} 13} 6.0)..... 
510) 9 57) 29.52, 30.08 i+ 2 6) 83} 18) 64) 34] 28) 43) 40) 47) 42) 71) 2.50 0.0; 14) 2,629) s. | 28] sw 26; 4) 22) 5.2)..... 
Middle Pacific Coast | | | | | | | | 
Region. | | | | + 2. 0 | 71, 1.56— 0.5 Bd 4.6 
| 73) 80 30.03) 30, gl+ 2.4) 70| 14] 58) 39] 27| 27] 48) 46) 82, 3.27|— 0.7] 121 6,204] mn. | nm. | 91 12) 5.4)..... 
Mount Tamalpais..... 2, 375] 11} 18, 27.57) 30. 0.6) 72) 18) 56} 37] 21] 44) 21) 45) 40) 73) 1.31)— 0.1 6)12, 437, nw. | 88) nw 25; 13} 7] 10) 4.9)..... 
Point Reyes Light....; 490 7, 18 29.50 30.¢ 53. 5.0 81) 18) 58) 45 21) 49| 30).... 7\16,846 nw 82) nw 28 12; 11) 7 4.9..... 
332) 50} 56, 29.67) 30.038 0.1) 88) 18) 69) 42) 24) 34) 51) 43) 63) 2.41/+ 0.6] 10) 4,332) se. 28; nw 
Sacramento........... 69) 106) 117 29.96 30.03 + .02 58.8/+ 0.8 81) 18) 67] 43| 24) 50} 27) 53) 47; 67; 0.70\— 1.3) 6,038) s. 30) nw 20; 16, 3.7/..... 
San Francisco. ........ 155) 200, 204 29.88) 30.05) 58.2)/+ 4.5) 83) 18) 65) 48) 28) 52; 27) 51) 46) 71) 0.99— 0. 8) 7| 5,223) w. 24) sw. 0177 & 
141] 12) 110, 29.90, 30.05)...... | 57.5}+ 0.8 18 69) 38 25| 46} 0.8] 5] 4,483) nw. 23] w. 15) 
South Pacific Coast | | | 
Region. | 2.8 69, 0.65 0.4 4.4 
ws ....| 827} 89) 98) 29.67) 30.03/+ .04) 60.8|— 0.4) 92) 72} 43] 24] 49} 38! 52) 45) 62) 0.59/— 0.1) 6} 6,082 nw. | 31) nw. | 10) 11) 11) 5.2)..... 
Los Angeles........... | 338 191; 29.62; 29.99)  .00) 62.8)/+ 5.2! 92) 19) 7 46| 22) 54) 30) 54) 48) 67| 0.7 5) 4,704) ne 24) ne 22; 12) +5) 13] &.1)..... 
San Diego........ -----| 871 62) 70) 29.89! .01| 61.4)+ 3.2) 85] 19, 68) 50) 1) 54) 29) 55) 51) 74) 0.85/+ 0.1 4| 5,024, nw. 26) sw 22, 18] 6) 6) 3.6).....]... 
San Luis Obispo......| 201] 47) 54, 29.85 30.07/+ 58.2)/+ 3.0) 90) 18, 68) 38) 29) 48} 43) 52) 47) 74) 0.68)\— 0.8 3] 4,814) n 25| W 10) 15; 9} 6) 3.9)..... 
| 
West Indies. | | | | 
| 82} 8} 54) 29.92 30.01)+ .03) 76.2)...... 85| 5] 82} 69} 25] 71) 15)....]....]....] 3.30]— 0.6] 22 8,932 se. 35] ne. 1 
Panama. | | | 
92; 6) 69) 29.74) 29. 83)...... 1) 92) 72) 74) 23) 75) 73) 79) 4.804 2.1) 9) 6,465) nw 24) nw 1; 7 16 7 5.7..... 
404; 62) 29.44) 29. 86)...... 96; 9) 92) 71) 28 73) 24) 74) 72) 82) 0.62 2.9) 7 6, 669) nw. | 26) n. 24; 3) 19 6.3). 
10} 71) 29 $1.4) 9} 85) 73 78) 12) 76) 75) 83) 4.124 0.1) 18 n. 30) nw. 10) 16) 4] 4.8).....].... 
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TasLe II.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in 
any 5 minutes, or 0.80 in 1 hour, during April, 1914, at all stations furnished with self-registering gages. 


ApriL, 1914 


Stations. 


Anniston, Ala............ 
Atlantic City, N.J....... 
Baker, Ore, 
Baltimore, Md............ 
Bentonville, 
Binghamton, N. Y......- 
Birmingham, Ala......... 
Bismarck, N. Dak....... 
Block Island, R.1........ 
Boise, Idaho... ... 
Boston, Mass... 
Buffalo, N. Y.... 


Charlotte, 
Chattanooga, Tenn. ...... 
Cheyenne, Wyo.......... 


Cleveland, Ohio. ......... | 
Columbia, Mo............ 
Columbia, 8. C........... 
Columbus, Ohio.......... 
Concordia, Kans......... 


Corpus Christi, Tex.......) 


Davenport, Iowa... | 
Dayton, Ohio...... 

} 
Des Moines, Iowa 
Devils Lake, N. Dak..... 
Dodge City, Kans........ 
Dubuque, Iowa.......... 


Duluth, Minn 
Durango, Colo 
Eastport, Me 
Elkins, W. V 


Fort Smith, Ark.......... 
Fort Wayne, Ind......... 
Fort Worth, Tex......... 


Galveston, Tex..........- 


Grand Haven, Mich...... 
Grand Junction, Colo..... 


Harrisburg, Pa........... 
Hartford, Conn........... 
Helena, Mont............ 
Houghton, Mich.......... 
Houston, Tex............ 
Huron, 8. Dak........... 
Independence, Cal.......- 
Indianapolis, Ind......... 
Tola, Ke 
Jacksonville, Fla......... 
Kalispell, Mont........ 
Kansas City, Mo.........! 
Keokuk, Iowa............ 
may West, Fie. .......--.} 
Knoxville, Tenn......... 


| 
Lansing, Mich............ 
Lewiston, Idaho.......... 
Lexington, Ky........... | 
Little Rock, Ark......... 
Los Angeles, Cal......... 


| 


* Self-register does not work during freezing weather, 


* Self-register out of order. 


| Total duration. s g Excessive rate. gs Depths of precipitation (in inches) during periods of time indicated. 
=] — 
53 
| 
5 5 | 10 | 15 | 20 | 2 | 30 | 35 | 40} 45 | 50 | 60 
| From To— 32 Began Ended 258 min. | min. | min. | min. | min. | min.| min.| min.| min. min.| min. 
| : 
| 
| 10.15 p.m. | D. N.a.m.| 2.76 | 10.35 p.m. | 10.59 p.m 
| 9.40 p.m. | 10.30 p.m 1.89 9.44 p.m. | 10.20p.m.| -02/ .64 | 1.12 | 1.26 | 1.54 [1.80 |1.86 1.87 |..... 
60 
| 
33 
| | 
| 5.25 p.m. | 6.33 p.m./|0.64| 5.52p.m.| 6.14p.m.| .06/ .10| .22| .36| .51| 
9.22p.m.|D.N.a.m.| 1.22) 9.28p.m.| 10.07p.m.| .02| .11) .22| .33) .38 | .68 | 
8.36 p.m. | D.N.p.m.| 1.17] 9.32p.m.| 10.17p.m.| .16] .17| .23| .29] .37| .46|.49 | .64/|.70| .76 |.....|...... 
832a.m.| 238p.m. 1.16a.m. 11.45a.m.| .35 "19 | 124] 136] | 
0. 3.15 a.m. 0.07 p.m 45 p.m.} .05 = 


|| | 
120 
-| min. 
| | 
25-2 | 
Abilene, 
Alpena, Mich.........-.-- 2 
1 
1! 
1 
1 
1 
27-2 
if 
2 
Burtington, Vt........... 7- 
Charles City, Iowa........ 2 
Charleston, 8. C.......... 1 
1 | 
1: 
2. 
2] 
1 
| 3 
24-2: 
25 | 8.30 p.m. | 10.20 p.m. | 1.20 | 845 p.m.) 9.15 p.m.) .03 | 62.77.94 | 1.03 
| | | | 
| 24-25 | 8.57 p.m.) 3.14 a. m. 2.97 | 9.20 p.m. 10.15 p.m.) .02) 1.13 1.36 1.68 | 1.87 
13 D.N.am. | 8.45 a. m.| 0.82 | 3.10 a.m. 02.18.36 
|| 7:49p.m.| 8.39p.m.|......) 193 | 1.13 | 1.22] 1.32 | 1.35 [1.39 |1.51 [1.55 |1.67 |1.69 
‘27-28 | 1.55p.m.| 1.15 p.m./ 4.61 .839p.m. 9.29p.m.|......| 1.69 | 1.73 | 1.79 | 2.06 | 2.29 |2.38 2.50 2.54 2.55 2.59 
9.29p.m. 10.19p.m.|....../ 2.70 2.75 2.77 | 2.79 | 2.81 |2.90 2.93 2.94 3.10 3.40 
20 | 8.26a.m.| 11.408. m. 0.82 | 10.00 a. m. | 10.38 a. m. 08] 
La .| 1.02 p.m. | 3.35 p.m. 3.09 p.m. | 2.38 p.m. | 28 22 | -41 | .52 | .58 
am, 6.00.a,.m. | 7.00a.m. 1.50 | .08| .13 -15 | .30 | .40 | .48 | .56 | .63 | .73 
| 
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TaBLE II.—Accumulated amounts of precipitation for each 5 minutes, for the principal storms in which the rate of fall equaled or exceeded 0.25 inch in ee by 
any 5 minutes, or 0.80 in 1 hour, during April, 1914, at all stations furnished with self-registering gages—Continued. 26g tee 
| Total duration. ie, d Excessive rate. s rs Depths of precipitation (in inches) during periods of time indicated. 
cs > 
5 | 10 | 15 | 2 | 2 | 30| 35 | 40 | 45 | 50 | 60 | 80 | 100] 190 
From— To— | Began— | Ended— min.| min. | min.| min. | min. |min.|min.|min. |min.|min.| min. |min. {min 
< 
Lynchburg, Va.......... 
Marquette, Mich......... 
Memphis, Tenn.......... 
Meridian, Miss........... 
Milwaukee, Wis.......... 
Minneapolis, Minn 
Modena, Utah............ 6 
Montgomery, Ala........ 13-14 
Moorhead, Minn......... 27-28 
Mount Tamalpais, Cal.... 4) 
Mount Weather, Va...... 
Nantucket, Mass......... 
Nashville, Tenn.......... 
New Haven, Conn........ : 
New Orleans, La......... Se 
North Head, Wash....... 
North Platte, Nebr....... 
Oklahoma, Okla.......... 
Omaha, Nebr............ 
4 
Parkersburg, 
Pensacola, Fla............ 
Philadelphia Pa......... 
Pierre, S. Dak............ 
Pittapuren, 
Pocatello, Idaho.......... 
Point Reyes Light, Cal... 
Port Huron, Mich........ re 
Portland, = 
Providence, R.I......... 25 
Rapid City, S. Dak....... 
Reading, Pa.............. 
Richmond, Va........... 
Rochester, N. Y....... 
Roseburg, Oreg.......... 
Roswell, N. Mex......... Se 
Sacramento, Cal.......... f 
Saginaw, Mich........... | 
St. Joseph, Mo............| 
St. Louis, Mo............- 
St. Paul, Minn........... Pe 
Salt Lake City, Utah..... 
7.15 p.m. | 1. .22 p.m. | 
San Antonio, Tex ........ 10.10 a.m. | 
San Diego, Cal........... ; 
Sand Key, Fla........... ie 
Sandusky, Ohio.......... 
San Francisco, Cal........ 
San Luis Obispo, Cal..... ay 
Sante Fe, N. Mex........ eee 
Sault Ste. Marie, Mich.... 
Savannah, Ga............ a 
Seattle, Wash............ 
Sheridan, Wyo........... 
Shreveport, La........... 
Sioux City, Iowa......... 
Spokane, Wash........... 
Springfield, Ill............ 
Springfield, Mo...... 
Tacos, WES. 
Tatoosh Island, Wash.... 
Terre Ilaute, Ind......... 
Thomasville, Ga......... 
£4! 
Tonopah, Nev............ 
Topeka, Kans............ 
Valentine, Nebr.......... 
Vicksburg, Miss.......... 
Walla Walla, Wash...... 
Washington, D. C........ 
Wichita, Kans........... 
Williston, N. Dak........ 
Wilmington, N.C........ 
Winnemucca, Nev....... 
Wytheville, Va........... 
Yankton, 8. Dak......... 
Yellowstone Park, Wyo.. 
t Record partly estimated. tNo precipitation occurred during month. 
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Tasie III.—Data furnished by the Canadian Meteorological Service, April, 1914. 
| Pressure. Temperature. Precipitation. 
Station | Seal 1 | | 
evel, 
Stations, reduced reduced Mean | Mean Total 

| from mean from Highest. | Lowest. | Total. from snowfall. 

| hours. | hours, | 20rmal. | min. +2.) normal. | | normal. _ 

| 

Inches. | Inches. | Inches. °F. °F. pc a °F. °F. | Inches. | Inches. | Inches. 
ee 29. 58 29. 72 -—.17 29.8 —4.7 35.7 23.9 50 8 3.02; —I. | 14.0 
Sydney, Cape Breton | 29.88 | 29.92 +.03 32.4 40.5 | 24.3 62 4 4.82 | +0.97 39.0 

+. 37.7 4.9 30.5 59 2.8 —0.! 2.4 
Charlottetown, Prince Edward Island............... 29. 90 29.94 +.04 32.1 —3.1 39.2 25.1 57 8 3.04}  +0.39 | 17.7 
Chatham, New ive 29. 96 29.98 +.08 32.8 —2.7 43.9 21.7 64 —2 3.16) +0.53 21.6 
29.96 | 29.98 +.05 30.2 —3.0 36.6 23.9 46 9 1.54 | —0.04 9.8 
ess 29. 67 | 30.01 +.02 32.8 —2.3 40.9 24.7 | 56 5 2.18 +0.09 9.8 
Montreal Quebec . Sepihebiitatahekesccnscaebensetceuae | 29. 80 | 30.01 +.01 38.0 —1.7 45.6 30.4 | 74 14 1.57; —0.67 4.5 
Stonecliffe, Ontario PMikcivssbetoubsecelokebahcnees ccs 29.39 | 30.01 —.01 35.9 —2.0 45.9 25.9 68 6 2.31; +0.75 3.1 
| 29.75] 30.08 +.06 | 38.0 —2.0 46.1 29.9 | 68 14 2.79; +1.29 11.7 
| 29. 73 30.05 +.03 39.1 —0.9 46.2 32.0 | 64 | 17 3.56 | +1.77 1.4 
Toronto, Ontario... 29.61 | 30. 00 —.02 41.5 +0.7 48.9 34.1 | 67 | 22 1.92; —0.45 1.0 
28.68 | 30.03 —.01 | 26.3 40.5 12.1 | 62 —15 1.62 +0. 37 11.0 
29.38 | 30.04 +.02 | 41.0 0.0 48.6 33.4 | 64 20 3.03 |  +0.56 4.7 
29.30 | 39.2 +0.5 47.4 | 31.0 | 77 18 1.84, +0.04 2.4 
on 29. 30 30. 00 —.02 | 37.6 0.0 47.4 27.8 | 73 11 3.29 | +1.38 5.5 
Port Arthur, Ontario... 29.33) 30.06| 4.03) 320| —1.5 42.8} 21.3) 62 4 1-37 —0.35 3.7 

edicine Ha . 6 +. 47. 61. 34.5 | 77 | 2 —0.7 
Swift Current, 27.39 29. 98 +.02 41.8 +0.5 55.7 27.9 76 ll 0.40 | —0.53 0.8 
26. 41 29. 96 +.06 42.8 +3.2 55.7 29.8 72 | 16 0.60} —0.04 3.0 
Banff, Alberta 25.36) 29.98) 4.08) 38.4) 43.1 27.9) 65 | 8 1.90} +0.82 14.0 
‘dmonton .02 +.1: 41.8 +1.9 5.2 | 28.5 72 | 7 .38 —0.5 
Prince Albert, 28.45 30.04 +.06 38.2 +2.1 52.0 | 24.5 70 4 1.34] +0.51 6.5 
Barkerville, British Columbia...................-.-- 25. 62 29.94 +.08 | 37.1 +4.0 46.0 28.2 56 | 16 2.28} +0.46 8.5 
29.98 | 30.15 +.10 | 64.2 40.3 69.7 58.8 79 | 52 3.90} —0.28 0.0 


O 


| 


| 
| 
| 
| 
| | 
| | 


Chart I. of Several Principal Rivers, 1914. XLII—25. 
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